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ABSTRACT 


Twenty human placentas obtained from normal pregnancies were perfused 
in vitro for six to twelve hours. The perfusion fluid (modified Tyrode’s solution) 
was recycled at the rate of 175 ml. per minute and changed hourly. Aliquots of 
the hourly perfusates were assayed for free and conjugated Porter-Silber (P-S) 
chromogens. The hourly values for P-S chromogens were greater in the later 
hours of the perfusions. The cumulative values for P-S chromogens (expressed 
as cortisol equivalents) for individual perfused placentas varied from 0.305 mg. 
to 7.482 mg. free, and from 0.361 mg. to 6.025 mg. conjugated. The mean 
cumulative P-S chromogen per gram of placenta was 4.14 ug. free (s.£. =.865) 
and 4.79 wg. conjugated (s.t.=.632). These latter values were compared with 
the P-S chromogen content of 9 control unperfused placentas—0.37 ug. free 
(s.E. =.069) and 0.59 wg. conjugated (s.z.=.179) per gram of tissue. The differ- 
ences between the amounts of P-S chromogens obtained from perfusates and 
that present initially in the control series was significant for both free (P <.01) 
and conjugated (P <.001) P-S chromogens. These results suggest production 
of free and conjugated P-S chromogens by the perfused placenta. The conju- 
gated P-S chromogens were released by enzymic hydrolysis with mammalian 
6-glucuronidase. This hydrolysis could be inhibited by 1,4-saccharolactone. The 
conjugated P-S chromogens therefore appear to be in the form of glucosiduro- 
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nates. The P-S chromogens in the perfusates included cortisol, cortisone, 
Reichstein’s substance 8, tetrahydrocortisone and tetrahydrocortisol, as indi- 
cated by countercurrent distribution, paper chromatography, blue tetrazolium 
reaction, ultraviolet absorption and sulfuric-acid chromogen curves. These 5 
compounds appeared to account for 50-80 per cent of the total P-S chromogens 


measured. 


HE changes in corticosteroid metabolism which take place during 

human pregnancy have been described in detail and the role of the 
placenta in these manifestations discussed at length (3). Most of the evi- 
dence relating to possible production of corticosteroids by the placenta has 
been indirect. The possibility of a direct approach to endocrine function of 
the placenta was suggested by our findings of metabolic activity and 
hormone responsiveness of the human placenta perfused in vitro (1, 4, 5). 
The present paper reports on the application of this technique to the study 
of possible corticosteroidogenesis by the placenta. The results suggest that 
the human placenta perfused in vitro may produce significant quantities of 
free and conjugated material with the characteristics of corticosteroids. 


EXPERIMENTAL 


The technique of placental perfusion developed for these studies has been reported 
in detail elsewhere (4). In brief, human placentas obtained from normal pregnancies are 
prepared for pulsatile retrograde perfusion with modified Tyrode’s solution to which 
penicillin and streptomycin are added. The system is maintained at 37°C. The perfusing 
fluid is exposed to an atmosphere of 95 per cent oxygen and 5 per cent carbon dioxide and 
maintained at pH 7.4. One liter of perfusing fluid is recycled at a rate of about 175 ml. 
per minute and changed hourly during the perfusion. Perfusions are continued for vary- 
ing periods up to twelve hours, after an initial ‘‘warm-up”’ perfusion interval which re- 
moves retained blood. The sterility of the perfusate is confirmed by frequent cultures. 

Twenty placentas were perfused in this manner: 9 for ten to twelve hours, 7 for eight 
hours, and 4 for five to six hours. Duplicate 10-ml. aliquots of the hourly perfusates were 
assayed for Porter-Silber (P-S) chromogens by the method of Wu and Mason (6). 
The P-S chromogens are expressed as cortisol equivalents. The P-S chromogens extracted 
by dichloromethane before hydrolysis are referred to as ‘‘free’’; those extracted after hy- 
drolysis with mammalian 6-glucuronidase are referred to as “conjugated.’’ Enzymic hy- 
drolysis was carried out at 37°C. following the addition of 3000 units of 6-glucuronidase 
(Ketodase) to 10 ml. of solution buffered at pH 5.0. Inhibition experiments were per- 
formed by the addition of saccharolactone in varying amounts to the incubation mixture. 

As controls, 9 additional placentas were individually homogenized immediately after 
the twenty-minute ‘‘warm-up” perfusion and before the regular perfusion was started. 
The tissue was thoroughly homogenized in perfusing fluid and duplicate 10-ml. aliquots 
of the aqueous extract were assayed for free and conjugated P-S chromogens as described. 
Previous experiments have shown no increased yield of P-S chromogens following initia! 
homogenization with ethanol instead of perfusing fluid. 

To obtain evidence for the nature of the Porter-Silber chromogens, extracts of large 
volumes of perfusates were made with ethyl acetate before and after @-glucuronidas 
hydrolysis. The extract was partitioned between 70 per cent methanol and petroleum 
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«cher, and the material from the methanol phase was characterized by various tech- 
1iques. 

Countercurrent distribution was performed using a 100-tube, all-glass automatic 
( raig-Post machine. Calculations were made according to Weisiger (7). The solvent sys- 
toms used were those described by Carstensen (8) and Engel (9). 

Paper chromatography was carried out using the technique and solvent systems 
ceseribed by Bush (10). Localization of steroids on paper chromatograms was accom- 
plished by ultraviolet absorption and staining with blue tetrazolium. Elutions were per- 
formed by cutting the appropriate area into small strips, allowing the latter to stand in 
25 ml. of methanol overnight and then extracting twice again with methanol the follow- 
ing morning. 

Sulfuric acid chromogen curves were obtained as described by Zaffaroni (11). 


RESULTS 


Amount of P-S chromogens in perfusates and control placentas 


The amount of free P-S chromogens in each hourly perfusate of the 20 
perfused placentas is indicated in Table 1; the values for conjugated P-S 
chromogens are recorded in Table 2. The mean values for all perfusions of 
the amount of P-S chromogens present at each hour in the placental per- 
fusate are recorded in the bottom row of Tables 2 and 3. The amounts of 
P-S chromogens in the perfusate were increased in the later hours of the 
perfusions; this was more marked with the free chromogens. The right- 
hand columns of Tables 1 and 2 list the cumulative or total P-S chromo- 
gens, free and conjugated respectively, obtained from individual placentas. 
The cumulative values varied from .305 mg. to 7.482 mg. free, and .361 mg. 
to 6.025 mg. conjugated. The mean value for cumulative P-S chromogens 
per perfused placenta was 2.559 mg. free and 2.959 mg. conjugated. 

The average total yield of P-S chromogens from the placental perfusates 
was 4.14 yg. free (s.E. =.865) and 4.79 ug. conjugated (s.B. =.632) per gram 
of placenta. In contrast were the amounts of P-S chromogens present in 9 
placentas which were not perfused. These values are shown in Table 3. The 
average concentration of P-S chromogens in the unperfused placenta was 
0.37 ug. free (s.n. =.069) and 0.59 ug. (s.E.=.179) conjugated per gram of 
placenta. The differences between the amounts of P-S chromogens ob- 
tained from perfusates and that present initially in the control series of 
unperfused glands was significant for both free (P <.01) and conjugated 
(P <.001) values. 

Control studies showed no P-S chromogens present in the perfusing fluid 
itself following control runs through the perfusion apparatus at 37°C. 


Nature of P-S chromogens 


All the P-S chromogens obtained from perfusates exhibited the peak 
absorption at 410 mu characteristic of corticosteroids with a 17,21-dihy- 
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TABLE 3. PoRTER-SILBER CHROMOGENS EXTRACTED FROM CONTROL PLACENTAS 
(EXPRESSED AS CORTISOL EQUIVALENTS) 


P-S chromogens (ug. per Gm. of placenta) 


Placenta | Wt. of placenta |e 

No. | (Gm.) Free | Conjugated 

2 | 566 .544 

3 | 866 | . 600 1.587 

4 743 506 

5 591 .047 194 

6 637 . 646 172 

7 575 356 

8 501 245 

9 761 .480 1.431 

Mean 667 .369 591 

.069 179 


S. E. of mean | 
droxy-20-keto configuration. The nature of the P-S chromogens in the 
perfusates was studied by analysis of the extracts obtained from selected 
large aliquots of perfusate. Evidence was obtained for the presence of the 
following 5 steroids (Table 4): 

A*-Pregnene-118,17a,21-triol-3,20-dione (cortisol). P-S positive material 
had partition coefficients in two countercurrent distribution systems and 
mobilities in two successive paper chromatography systems identical with 
. those of standard cortisol. The P-S material was ultraviolet-absorbing and 
blue-tetrazolium positive. A sulfuric-acid chromogen curve was in agree- 
ment with that of standard cortisol. 

A*-Pregnene-178,21-diol-3,11,20-trione (cortisone). The unknown ma- 
terial was shown to be ultraviolet-absorbing and blue-tetrazolium positive 
and to have mobilities identical with those of standard cortisone in three 
successive paper chromatography systems. The cortisone-like material was 


TABLE 4. EVIDENCE FOR CORTICOSTEROIDS IN PLACENTAL PERFUSATE 


| | Partition coefficient (K) in 
Rf in paper chromatographyt countercurrent distributiont 
| | II IV Vv VI 

Cortisol | + | + | .34[.34]t | .34[.34] 5.7 [5.9] | 33 [.32] 
Cortisone + + | °53[.52 . 50 .10 [.10] 2.7 [2.8] . 82 [.79] 
Substance S eee 4 ‘81 [.83 [.39] 14 [13.0] 
Tetrahydrocortisone | + - | .28 [.28 .30 [.31] 1.00 [0.98] 
Tetrahydrocortisol | + | = 17 [.16] .20 [.20] 1.8 [1.8] 


* Blue tetrazolium. 
** Ultraviolet-absorbing. 


Benzene 
tI= Bush B-5 (10). tIV = 


50% CH;0H :50% H:0 
90% Toluene:10% Ethyl acetate 


70% CH;30H :30% H:0 


30% CHCls:70% CCls 
70% CHsOH :30% H:20 


II= — Bush C (10). V= a 
% CHsOH :50% 70% CHCI13:30% CCl, 
67% Toluene :33% Ligroin Benzene 
III = modified Bush B-2 (10). VI= 
70% CH;:0H :30% H:0 .05% NaCl 


t Values in brackets are those for the authentic reference standard. 
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P-S positive and had partition coefficients identical with those of stand- 
ard cortisone in two countercurrent distribution systems. 
A*-Pregnene-17a,21-diol-3,20-dione (substance S). P-S positive material 
had a partition coefficient identical with that of standard substance S in one 
countercurrent distribution system. Blue-tetrazolium positive, ultraviolet- 
absorbing material had mobilities identical with those of standard sub- 
stance S in two sequential paper chromatography systems. 
_(tetrahydrocortisone, THE). 
P-S material had a partition coefficient identical with that of standard 
THE in one countercurrent distribution. Blue-tetrazolium positive, non- 
ultraviolet-absorbing material had mobilities identical with those of stand- 
ard material in two sequential paper chromatography systems. 
58-Pregnane-3a,118,17a,21-tetrol-20-one (tetrahydrocortisol, THF). P-S 
material had a partition coefficient identical with that of standard THF in 
one countercurrent distribution system. Blue-tetrazolium positive, non- 


TABLE 5. NATURE OF PORTER-SILBER CHROMOGENS IN PLACENTAL PERFUSATES 


Perfusion} Hour | Aliquot | __Tentatively identified (wg.) Unidenti- 
No. No. (ml.) Cortisol | Cortisone |Substance S ‘THF THE fied (ug.) 
6 200 120 100 60 | 75| 40 115 

8 250 | 85 55 40 | 30 90 

18 6 200 | 35 | 15 | 50 | 20 100 


ultraviolet-absorbing material had mobilities identical with those of stand- 
ard THF in two sequential paper chromatography systems. 

That other compounds than these 5 were present in the perfusate is 
indicated by the finding that the amount of P-S material accounted for by 
these compounds ranged only from 50 to 80 per cent of the total P-S chro- 
mogens present in the perfusate (Table 5). Other polar P-S positive ma- 
terial was present in the chromatograms, as well as other blue-tetrazolium 
positive material. 

The effect of 1,4-saccharolactone, an inhibitor of 8-glucuronidase activ- 
ity (12), on enzymic hydrolysis of the perfusate is shown in Table 6. Sac- 
charolactone was added to incubation mixtures of perfusate from which 
free P-S chromogens had been extracted. It may be seen that no significant 
release of P-S chromogens took place following incubation of this perfusate 
at 4°C. P-S chromogens were released after incubation at 37°C. without the 
addition of 8-glucuronidase. This release, which was progressively inhibited 
by increasing amcunts of saccharolactone, was probably due to the pres- 
ence of 6-glucuronidase activity in the placental perfusate (unpublished 
observations). Addition of 6-glucuronidase to the incubation mixture aug- 
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mented the release of P-S chromogens and this hydrolysis also could be 
progressively inhibited by increasing amounts of saccharolactone. 


DISCUSSION 


In our initial studies of possible corticosteroidogenesis by the human 
placenta, perfusion was carried out for only two to four hours. Free Porter- 
Silber chromogens were measured in the perfusate and in small segments of 
the placental tissue before and after the perfusion. The amount of P-S 
chromogens in the perfusate rarely was significantly more than could be 
accounted for by release of preformed P-S chromogens from the placental 


TABLE 6. PoRTER-SILBER CHROMOGENS (EXPRESSED IN CORRECTED OPTICAL DENSITY) 
FOLLOWING INCUBATION UNDER VARYING CONDITIONS OF 10-ML. ALIQUOTS OF 
PERFUSATE FROM WHICH FREE P-S CHROMOGENS 
HAD PREVIOUSLY BEEN EXTRACTED 


At 4°C At 37°C. without added At 37°C. with added 
6-glucuronidase 6-glucuronidase 
Saccharolactone (mg.) 0 | 20 40 | O 20 40 80 
Corrected optical 
density .012 .1385 .145 .051 .028 | .452 .309 .175 .058 


Incubator: 18 hours, acetate buffer, pH 5.0, 3000 units Ketodase. 


tissue. To avoid, if possible, such a result, the present study was under- 
taken with longer perfusion periods and with measurement of both free 
and conjugated P-S chromogens. For a more reliable control than small 
sections of perfused placentas, a series of intact placentas were assayed for 
P-S chromogen content. The control values obtained in this way agreed 
with the earlier control values. Although no recovery experiments were 
performed, there are good reasons for believing that the control values were 
not a gross underestimate. Other investigators have reported quantitative 
studies of placental corticosteroid content. Berliner et al. (13) isolated 10 
ug. of corticosteroids per 100 Gm. of tissue; of this, cortisone constituted 9 
ug. Sybulski and Venning (14) found between 8.9 and 33.0 ug. of cortisone 
per 100 Gm. of placental tissue; cortisol was found in much smaller 
amounts. The control values in the present study (37 ug. of free, and 59 ug. 
of conjugated P-S chromogens per 100 Gm. of placental tissue) therefore 
seem to provide a safe basis from which to estimate a major production of 
this material during perfusion. Such a method of estimating production 
presupposes that there is no significant amount of preformed P-S chromo- 
gen bound to placental tissue in a form which is disrupted only during 
perfusion and not during control tissue extractions. 

The amounts of P-S chromogens in the perfusates of placentas perfused 
‘in vitro for six to twelve hours were significantly greater than the values of 
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P-S chromogens in control placentas. With the foregoing reservation, this 
suggests production of these P-S chromogens by the placenta during perfu- 
sion. Both free and conjugated P-S chromogens were significantly increased 
in the perfusate compared with the control starting values. There was no 
uniform response, however, by the various placentas; a wide range of P-S 
chromogen output was noted. This seemed to be due, at least in part, to the 
varying lengths of perfusion time. The variability in yield of P-S chromo- 
gens may also be attributable to other factors, as indicated by the consider- 
able variation between placentas at given hours. Even more striking was 
the marked increase in apparent P-S chromogen production during the 
later hours of the perfusion. It is possible that some adaptation process or 
anoxia may be involved. It is noteworthy that the action of estradiol and 
human chorionic gonadotropin on citrate utilization by the perfused pla- 
centa becomes apparent only after a five-hour lag (4), whereas conversion 
of estradiol to estriol following the addition of human chorionic gonadotro- 
pin can be demonstrated during the initial hours of placental perfusion (5). 

Studies with 6-glucuronidase hydrolysis and saccharolactone inhibition 
suggest that the conjugated P-S chromogens are in the form of glucosi- 
duronates. Since the conjugated P-S chromogens also show a significant 
increase during perfusion it appears that the placenta is capable of conju- 
gating this material as glucosiduronates. Although this has not been shown 
for other substrates such as bilirubin (15), it is possible that the same 
enzyme system does not serve different substrates. 

Although the P-S chromogens were not isolated in crystalline form, 
evidence was obtained indicating the presence of cortisone, cortisol, sub- 
stance 8S, tetrahydrocortisone and tetrahydrocortisol. These 5 compounds 
account only for 50-80 per cent of the P-S material measured; the nature of 
the other 20-50 per cent is not yet known. It is possible that the other 
polar material noted after ethyl acetate extraction may be 6-hydroxylated 
corticosteroids (16). It should be emphasized that in the absence of com- 
plete identification of all the P-S chromogens, it cannot be stated whether 
the products of perfusion are corticosteroids or only P-S chromogens simi- 
lar to corticosteroids. 

Conflicting results have been reported by workers studying the in vitro 
capacity of the human placenta to produce corticosteroids. Sybulski (17) 
and Sybulski and Venning (14) incubated minces of placental tissue and 
found no production of cortisone, cortisol or their reduced metabolites. 
Solomon (18) incubated placental homogenates and also found no evidence 
for corticosteroid production. Little and Rossi (19) incubated placental 
tissue in a mixture of Krebs-Ringer solution and maternal serum and 
measured the free P-S chromogens in the medium as well as in the placental 
tissue before and after incubation. An increase in P-S chromogens was 
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demonstrated in the medium without a significant loss of such unconju- 
gated material from the homogenates. Romanoff (20) perfused isolated 
placentas with whole beef blood for periods up to four hours. The results 
suggested that the perfused placenta was able to produce A‘-3-ketones, but 
the alternative possibility of release of preformed steroids could not be 
ruled out. Endr6éczi et al. (21) found that incubation of placental tissue with 
progesterone yielded large amounts of cortisone, cortisol and cortico- 
sterone. These compounds were identified by their Rf values before and 
after acetylation, by fluorescence with alkali, and by the tetrazolium 
reaction. 

Although the demonstration of corticosteroid biogenesis in the placenta 
would be of interest, it is clear that during pregnancy in adrenal-deficient 
women there is generally insufficient adrenocortical hormone activity to 
protect the mother against the demands of pregnancy and its associated 
stresses (see review (3)). 
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17a-HYDROXYPREGNENOLONE AS A PRECURSOR 
OF URINARY STEROIDS IN A PATIENT WITH 
A VIRILIZING ADENOMA OF THE ADRENAL 


KENNETH D. ROBERTS, Px.D., RAYMOND L. VANDE WIELE, 
M.D. anp SEYMOUR LIEBERMAN, Pu.D. 


Departments of Biochemistry and of Obstetrics and Gynecology, College of 
Physicians and Surgeons, Columbia University, New York 32, N.Y. 


ABSTRACT 


By isotopic techniques, the daily secretory rate of 17a-hydroxypregnenolone 
in a patient with a virilizing adrenal adenoma has been estimated to be 63 mg. 
per day. This steroid, and not 17a-hydroxyprogesterone, was found to be the 
principal precursor of the urinary metabolite, pregnane-3a,17a,20a-triol. 
The data also demonstrated that only a small fraction of the 110 mg. of de- 
hydroisoandrosterone found in a daily urine sample from this patient was de- 
rived from the peripheral conversion of 17a-hydroxypregnenolone. 


HIS paper describes the attempts made to trace the adrenal precursors 
“of certain urinary steroids excreted by a patient with a virilizing 
adrenal adenoma. 

Dehydroisoandrosterone sulfate (DHS)! is a constituent of normal male 
and female urine and is present in greatly increased amounts in the urine of 
patients with virilization due to adrenal tumors. Until recently, little was 
known about the steroidal precursor(s) of this urinary metabolite. Dehy- 
droisoandrosterone (D) has been isolated from human adrenal venous 
blood by Bush and Mahesh (1), by Lombardo et al. (2), and most recently 
by Hirschmann et al. (3); therefore, it can be assumed that it is the pre- 
cursor of at least a part, if not most, of the urinary DHS. In several in- 
stances, however, D was found to be present in adrenal venous blood in 
such small concentrations, that it was doubtful that the amounts were 


Received June 22, 1961. 
1 The abbreviations and trivial names used in this paper are as follows: 
D =dehydroisoandrosterone, 36-hydroxy-A*-androsten-17-one. 
DHS =dehydroisoandrosterone sulfate. 
17a-Hydroxypregnenolone = 36,17a-hydroxy-A*-pregnen-20-one. 
A =androsterone, 3a-hydroxyandrostan-17-one. 
E =etiocholanolone, 3a-hydroxyetiocholan-17-one. 
A®-Pregnenetriol =A®-pregnene-36, 17a,20a-triol. 
Pregnaneiriol = pregnane-3a,17a,20a-triol. 
17a-Hydroxyprogesterone == 17a-hydroxy-A*-pregnene-3,20-dione. 
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sufficient to account for most of the DHS observed in the urine (1, 2). Some 
years ago, it was suggested (4) that the urinary DHS might originate by 
peripheral conversion from 17a-hydroxypregnenolone, itself secreted by the 
adrenal glands. In support of this hypothesis, Carstensen et al. (5) demon- 
strated that 17a-hydroxypregnenolone could be detected in dog adrenal 
vein blood, whereas D was either absent, or present only in insignificant 
amounts. Since the claim had been made earlier (6) that intravenous 
infusion of 17a-hydroxypregnenolone results in an increase in the plasma 
level of D in the adrenalectomized dog, it was concluded that, at least in 
this animal, D was not an adrenal secretory product but was derived from 
17a-hydroxypregnenolone by peripheral cleavage of the side-chain. 

In the human, in vivo conversion of 17a-hydroxypregnenolone to urinary 
DHS was demonstrated by Solomon et al. (7). These investigators isolated 
labeled D from the urine of a patient with metastatic adrenal disease to 
whom tritiated 17a-hydroxypregnenolone had been administered. This 
experiment revealed that 2.8 per cent of the Cs: precursor had been con- 
verted to the Ci, metabolite. Since the amount of the C2: precursor secreted 
by the tumor was unknown, it was not possible to estimate the extent to 
which the peripheral metabolism of 17a-hydroxypregnenolone accounted 
for the observed urinary level of D. 

In order to estimate the secretory rate of 17a-hydroxypregnenolone and 
its contribution, by way of peripheral conversion to the urinary Ci, ster- 
oids, the following experiment was carried out: Tritium-labeled 17a- 
hydroxypregnenolone was administered to a female with a virilizing tumor 
of the adrenal. Tritiated dehydroisoandrosterone (D), androsterone (A), 
etiocholanolone (E), A*-pregnene-38,17a,20a-triol and pregnane-3a,17a, 
20a-triol were isolated from the urine. The secretory rate of 17a-hydroxy- 
pregnenolone was calculated from the observed specific activity of the 
isolated A*-pregnenetriol. The data obtained by means of these isotopic 
techniques indicated that the amount of 17a-hydroxypregnenolone se- 
creted each day by this patient was 63 mg. Moreover, this steroid, and 
not 17a-hydroxyprogesterone, was the principal precursor of the urinary 
metabolite, pregnane-3a,17a,20a-triol. The results also demonstrated that, 
although more than 100 mg. of dehydroisoandrosterone was excreted in the 
urine of this patient, only a small fraction of it was derived through the 
peripheral conversion of 17a-hydroxypregnenolone. 


MATERIAL AND METHODS 


General methods 

All radioactive samples were counted in the Packard Tri-Carb liquid scintillation 
spectrometer Model 314-DC, with the counting chamber set at —2°C. The samples to be 
counted were transferred to 5-dram vials (Wheaton Glass Co.) and dissolved in 5 ml. 
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of toluene containing 0.3 per cent of 2,5-diphenyl-oxazole and 0.01 per cent of 1,4-bis- 
2(5-phenyl-oxazolyl)-benzene (Pilot Chemicals). Tritium was counted at high voltage 
tap 8 (1200 volts) with the pulse height discriminator set at 60 and 100 volts. At this 
reading the efficiency of tritium counting was approximately 20 per cent. A sealed stand- 
ard of tritiated cholesterol was used as point of reference. All final counts were per- 
formed for a sufficient length of time to give a standard error of not more than 5 per 
cent. Impure samples were checked for quenching, and correction for this was made 
when present. 

All melting points were obtained on a KO6fler block and were corrected. Infrared 
spectra were determined using a model 21C Perkin-Elmer double-beam spectropho- 
tometer. 


The patient 


The patient was a 26-year-old virilized female who excreted in the urine 132 mg. of 
17-ketos‘eroids, 4.4 mg. of pregnanetriol, 7.7 mg. of 17-hydroxycorticosteroids and less 
than 6 infernaticnal units of follicle-stimulating hormone (FSH) per twenty-four hours. 


TABLE 1. RADIOHOMOGENEITY OF INJECTED |7a-HYDROXYPREGNENOLONE ACETATE 


Crystalline product 
Crystallization Mother liquor, 
N Solvent | Specific activity | SPecific activity 
NO. leight | Specihe activity | (epm/mg.) 
Weight (mg.) | (epm/mg.) | p g. 
Acetone 73.6 2.1108 1.7X108 
2 MeOH: Acetone 56.6 2.0X104 2.0X10! 
3 MeOH: Acetone 42.8 2.0X10# 1.9X10! 
4 MeOH: Acetone 37.5 1.9X 104 1.9 X10! 


In the resting state, the level of plasma free 17-hydroxycorticoids was 16 ug. per 100 
ml., and rose to 46 wg. per 100 ml. after a four-hour intravenous infusion of 25 mg. of 
adrenocorticotropin (ACTH). 

At operation a right-sided adrenal adenoma weighing 33 grams was removed. The 
contralateral adrenal was not exposed. Microscopic examination of the tumor revealed 
massive hyperplasia of the zona reticularis, with variation in cell size but without evi- 
dence of malignancy. The zona glomerulosa and fasciculata appeared quite normal. 
Eight days after operation the urinary 17-ketosteroids averaged 10 mg. per twenty-four 
hours. 

Preoperatively, tritiated 17a-hydroxypregnenolone (11 million counts per minute, 
specific activity 2.5 me. per mg.) was injected intravenously, and thereafter urine was 
collected for four days. The injected material (17a-hydroxypregnenolone-7a-H*) was 
purchased from the New England Nuclear Corporation. In order to check its radio- 
chemical homogeneity, 100 mg. of unlabeled 17a-hydroxypregnenolone was added to a 
portion of the radioactive material. The mixture was acetylated and recrystallized 
repeatedly from methanol-acetone. The specific activities of the crystals and the mother 
liquor obtained after each crystallization are shown in Table 1. 


Isolation of urinary steroids 

Each of the four-day urine collections was adjusted to pH 5.0 with 50 per cent sul- 
furic acid, and acetate buffer was added. Mammalian §-glucuronidase (300,000 units) 
was added and each sample was incubated for four days at 37°C. The liberated steroids 
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TABLE 2. RECOVERY OF RADIOACTIVITY FROM URINE AFTER HYDROLYSIS OF STEROIDS 


Acid hydrolysis Total, enzyme +acid 


Enzyme hydrolysis | 
Day of | | % of % of 
injected % total | injected % total injected % total 
| excreted | dose excreted dose excreted 
1 15.0 61 


9 


were exhaustively extracted with ether. The ether extract was washed with 5 per cent 
sodium hydroxide and water and then evaporated to dryness in preparation for radio- 
active assay. Steroids in the spent urine after extraction were hydrolyzed further by 
the solvolysis procedure of Burstein and Lieberman (8). The urine for each day was 
treated separately. The recovery of radioactivity in the extracts after enzyme and acid 
hydrolysis is shown in Table 2. The enzyme-hydrolysis extracts for days 1 to 4 were 
pooled, as were the acid-hydrolysis extracts. Half of each pool was chromatographed 
on a 20-gram column of silica gel, using 100-ml. portions of eluant. The distribution of 
counts after chromatography is shown in Tables 3 and 4. 


Dehydroisoandrosterone (D) 


In order to determine the total amount of D excreted during the four-day period, 
one-thirtieth of fractions 4 and 5 (Table 4) was analyzed quantitatively by chromatog- 
raphy on alumina according to the gradient elution method of Lakshmanan and Lieber- 
man (9). A single peak was obtained which was identified as dehydroisoandrosterone 
by paper chromatography, sulfuric-acid chromogen and infrared analysis. Using the 
method of Bitman et al. (10), isoandrosterone was sought for in this fraction but could 
not be detected. In this way, the daily excretion of D during the collection period was 
estimated to be 110 mg. From the remainder of fraction 4 (Table 4), dehydroisoandro- 
sterone was obtained by crystallization, and identified by its melting point and infrared 
spectrum. Its specific activity was 236 cpm per mg. After recrystallization from metha- 
nol-ether, the specific activity was 233 cpm. per mg. 


TABLE 3. SILICA-GEL CHROMATOGRAM AFTER ENZYME HYDROLYSIS 
OF STEROIDS (POOLED URINE) 


: Eluant Radioactivity Weight 
Fraction (% EtOH in benzene) (total epm) (mg.) 
1 5 
2 0.5 6 
3 1 1 
4 2 113,300 84 
5 3 113 ,400 37 
6 4 119,000 19 
7 5 196 ,500 12 
8 10 498 ,000 25 
9 20 158 ,000 27 
Total 1,198,200 


2 6.0 25 | 2.6 | 7 | 20 
3 | 2.6 | 11 0.7 | 3 | 3 | 8 
4 0.8 3 | O38 | 1 1 | 2 : 
Total | 24.4 | 100 19.6 | 100 | 44 100 
| 
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Androsterone (A) and etiocholanolone (E) 

Fractions 4, 5 and 6 (Table 3) (weight 140 mg., radioactivity 345,000 epm) were 
combined and chromatographed on alumina using gradient elution (9). Two major peaks 
were obtained. The androsterone fraction weighed 14.4 mg. and had a specific activity 
of 870 cpm per mg. This fraction was further purified by chromatography on alumina 
and by erystallization (twice) from acetone. The product melted at 177—180° (authentic 
m.p. 185°) and possessed an infrared spectrum identical with that of androsterone. Its 
final specific activity was 900 cpm per mg. The daily excretion was 7 mg. 

The second peak contained 43.8 mg. (by weight) of etiocholanolone with a specific 
activity of 2890 cpm per mg. After further purification on alumina and two ecrystalliza- 
tions from Skellysolve C:benzene, a product melting at 141-143° (authentic m.p. 
143-144°) and having an infrared spectrum identical with that of etiocholanolone was 
obtained. Its final specific activity was 3700 epm per mg. The daily excretion was 20 mg. 


Pregnane-3a,17a,20a-triol and A*-pregnene-38,17a,20a-triol 


Fractions 7, 8 and 9 (Table 3) were rechromatographed on silica gel using methanol: 
water as stationary phase, and ethyl acetate:isooctane as mobile phase (11). One 
crystalline fraction weighing 38 mg. and containing 870,000 cpm was obtained. As 
evidenced by the melting point (m.p. 229-232°), this material appeared to be a mixture, 
and further purification was effected by digitonin precipitation. After cleavage of the 
digitonide with pyridine the beta fraction weighed 4.8 mg. and contained 230,000 cpm. 
Recrystallization from ethyl acetate: acetone gave 2.6 mg. of a product melting at 217-— 
221° (authentic A*-pregnene-36,17a,20a-triol melts at 219-222°C).? This substance was 
acetylated and the product chromatographed on alumina. The material eluted with 
benzene was recrystallized from methyl alcohol:acetone and yielded 2 mg. of A’*- 
pregnene-38,17a,20a-triol diacetate, m.p. 203-205° (m.p. of authentic sample, 203- 
205°). Its infrared spectrum was identical with that of the authentic diacetate. The 
specific activity, calculated as the free compound, was 39,000 epm per mg. It is note- 
worthy that this sample of A*-pregnenetriol was isolated from the enzyme-hydrolyzed 
fraction, albeit in smaller amount than was recovered from the acid-hydrolyzed fraction. 

The alpha fraction from the digitonin precipitation weighed 21 mg. and contained 
450,000 cpm. After chromatography on silica gel, 10 mg. of pregnanetriol melting at 
243-246° (authentic pregnane-3a,17a,20a-triol melts at 251-252°) was obtained. After 
acetylation, chromatography of the diacetate on alumina and saponification, 6 mg. of 
pregnane-3a,17a,20a-triol (m.p. 246-249°) was recovered. On admixture with the au- 
thentic triol, no depression in the melting point was observed. After recrystallization 
from methanol, the specific activity was 41,800 cpm per mg. The infrared spectrum (in 
KBr) was identical with that of the known sample. 

Fractions 7, 8 and 9 (Table 4) were acetylated and chromatographed on a 10-gram 
alumina column. A single fraction, weighing 25 mg., was eluted with 10 per cent ethyl 
acetate in benzene. After recrystallization from methanol: ligroin, 9.4 mg. of A®-pregnene- 
38,17a,20a-triol-diacetate was obtained. The melting point was 202-204°, and the spe- 
cific activity 43,200 epm per mg., calculated as the free steroid. Identity was confirmed 
by infrared analysis. 


2 The authentic sample of A®pregnenetriol was obtained through the courtesy of 
Dr. H. Hirschmann. 
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TABLE 4. SILICA-GEL CHROMATOGRAM AFTER SOLVOLYSIS OF 
STEROIDS (POOLED URINE) 


Eluant Radioactivity Weight 
Fraction | (% EtOH in benzene) | (total epm) 


or 


91,300 
73,100 
101,200 
517,100 
371,100 
61,000 
22,800 


CONSE | 
| 


os 


| Total 1,237,600 


RESULTS AND DISCUSSION 


Since it is reasonable to assume that A°-pregnenetriol is derived solely 
from 17a-hydroxypregnenolone, the specific activity of this metabolite was 
used for the calculation of the secretory rate of 17a-hydroxypregnenolone 
by the formula: 


Secretory rate in mg. per day 


counts injected 


specific activity of urinary metabolite X days of urine collection 


The contribution of endogenously secreted 17a-hydroxypregnenolone to 
the other urinary steroids was estimated with the use of an approach dis- 
cussed in an earlier paper (12). Provided certain conditions are met, the 
assumption was made that any urinary metabolite having the same specific 
activity as the isolated A*-pregnenetriol can have been derived only from 
17a-hydroxypregnenolone. Precursors other than this Cx: steroid can not 
have contributed significant amounts to the excretion of this urinary me- 
tabolite. On the other hand, a metabolite containing tritium but having a 
specific activity lower than that of the isolated A*-pregnenetriol is derived 
not only from 17a-hydroxypregnenolone but also from other precursors. As 
previously emphasized (12), although the differences in the specific activity 
are directly proportional to the contribution of the unknown precursors to 
the urinary metabolite, these differences furnish no information about the 
actual amount of the unknown precursor produced endogenously. To esti- 
mate this quantity, the identity of the unknown and the extent of its con- 
version to the urinary metabolite must be known. 

Figure 1 illustrates the pathways by which some of the steroids synthe- 
sized by the patient under consideration were catabolized. In this figure the 


‘ 
| 340 
| 74 
| 28 
| 40 
20 34 
100 | | 
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products actually secreted by the adrenal are distinguished from com- 
pounds formed from the secretory products by reactions occurring outside 
the adrenal glands. Of the five secretory products shown at the top, three, 
(A‘-androstenedione, testosterone, and 17a-hydroxyprogesterone) are 
enclosed in brackets to indicate that they were produced by this patient in 
much smaller amounts than were dehydroisoandrosterone and 17a-hydroxy- 
pregnenolone (see subsequent data). Following their release from the 
glands, the secretory products may be interconverted as indicated and then 
catabolized to compounds which are excreted in the urine conjugated as 
sulfates or glucuronidates. The final specific activities of the urinary metab- 


TABLE 5. DISTRIBUTION OF RADIOACTIVITY IN THE 
ISOLATED URINARY STEROIDS 


Daily Recovery of Specific 
Steroid Excretion Injected Dose activity 
(cpm/mg.) 


Dehydroiso- 


androsterone (D) 110 233 


0.9 
Androsterone (A) 7 0.2 900 
Etiocholanolone (E) 20 2.8 3,700 
Pregnanetriol 4 6.4 41,800 
| 13 22.0 43 ,000 


A®’-Pregnenetriol 


olites isolated after the administration of tritiated 17a-hydroxypregneno- 
lone, as well as the percentage yield of the metabolites from this precursor, 
are recorded in Table 5. 

Of the injected radioactivity, 22 per cent was recovered in the urine as 
A*-pregnenetriol, the daily excretion of which was 13 mg. From the cumula- 
tive specific activity of this metabolite, a secretory rate for 17a-hydroxy- 
pregnenolone of 63 mg. per day was estimated. 

A’-Pregnenetriol is excreted in small amounts in normal urine (13-16), 
and it must therefore be assumed that 17a-hydroxypregnenolone is nor- 
mally secreted by the adrenal. The normal urinary levels of the triol have 
been estimated to be 0.30 +0.05 mg. per day by Nowaczynsky et al. (14), 
and 0.06—0.20 mg. per day by Cox and Shearman (17). Assuming the same 
percentage conversion (22 per cent), the secretory rate of 17a-hydroxypreg- 
nenolone in the normal subject can be estimated from these urinary levels 
to be in the order of 0.3-1.4 mg. per day. This is a minimal figure, since it is 
likely that the percentage conversion in a healthy person would be smaller 
than it is in a patient secreting 63 mg. per day. 

Six per cent of the radioactivity administered was found in the urinary 
pregnanetriol which was excreted in amounts of 4 mg. per day. Since the 
specific activity of this triol was insignificantly different from that of the 
isolated A*-pregnenetriol, it may be concluded that both triols were derived 
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solely from a common precursor. As discussed previously, this precursor 
must be 17a-hydroxypregnenolone. Thus, it is evident that 17a-hydroxy- 
progesterone contributed little or nothing to the urinary pregnanetriol 
excreted by this patient. In view of the fact that Fotherby and Love (16) 
observed that the A‘-3-ketone is a more efficient precursor of pregnanetriol 
than is 17a-hydroxypregnenolone, it is further apparent that had even 
small amounts of 17a-hydroxyprogesterone been synthesized, its contribu- 
tion to urinary triol would have been easily detected. Thus, the secretory 
rate of 17a-hydroxyprogesterone in this patient must have been nil, or at 
least insignificant, in comparison to that of 17a-hydroxypregnenolone. 


Products secreted DEHYDROISO- A‘-Androstenedione 17a-HYDROXY- 
by the adrenal ANDROSTERONE and Testosterone | progesterone PREGNENOLONE 


| | | 


Products from Dehydroiso- 17a-Hydroxy- 
peripheral inter- androsterone and Testosterone progesterone 


conversions and 
catabolism | \ 


Dehydroiso- Androsterone Etiocholanolone  Pregnanetriol A°-Pregnenetriol 
androsterone 


Fic. 1. Peripheral interconversions and catabolic fate of steroids secreted by an 
adrenal adenoma. Underlined compounds denote isolated urinary metabolites. 


Pregnanetriol is also a normal constituent of urine, estimated to be ex- 
creted in amounts of 0.5 to 1.5 mg. per day (15). It is evident from our 
findings that, unless the relative contributions of 17a-hydroxypregnenolone 
and 17a-hydroxyprogesterone are known, the actual precursor of this 
urinary metabolite in the normal subject can not be assumed. These consid- 
erations are especially pertinent in diseases such as congenital adrenal 
hyperplasia, in which urinary pregnanetriol levels are greatly elevated (18, 
19). Since the hormonal precursor of pregnanetriol is uncertain, speculation 
about the existence of possible defects in processes involved in the biogene- 
sis of the adrenal secretory products is unwarranted unless the contribu- 
tions of each of its precursors have been established in every instance. 

Only about 1 per cent of the injected radioactivity was found in the 
urinary D, even though 110 mg. of this 17-ketosteroid was excreted daily 
by this patient. The specific activity of the isolated D was only 233 epm per 
mg., from which it can be calculated that only about 0.5 per cent (233 / 
41,000) of the excreted D is derived from the peripheral conversion of 
17a-hydroxypregnenolone. This finding agrees with the calculation made 
by multiplying the secretory rate of 17a-hydroxypregnenolone (63 mg.) by 
the observed percentage conversion of this precursor to D (0.9 per cent). 
The amount of the product, 0.57 mg., is about 0.5 per cent of the total daily 
excretion of 110 mg. This conversion is of the same order of magnitude as 
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that (2.8 per cent) observed by Solomon et al. (7) in a patient with exten- 
sive metastases arising from an adrenal tumor. In this latter instance, some 
of the transformation of the labeled C2: steroid to the Ci, metabolite prob- 
ably occurred as a result of enzymes present within the tumor tissue. In the 
situation reported in this paper, it is also possible, but unlikely, that a 
small fraction of the labeled precursor may have reached the adenomatous 
adrenal and was similarly metabolized by it. If this were so, the peripheral, 
extra-adrenal conversion of 0.5 per cent would have been overestimated, 
but the actual contribution of the endogenously secreted 17a-hydroxypreg- 
nenolone to urinary D would have been correctly estimated. 

Obviously then, an adrenal secretory product other than 17a-hydroxy- 
pregnenolone must have been the precursor of the bulk of the urinary DHS. 
The results described in this paper provide no direct information concern- 
ing the identity of this precursor. However, the likely possibilities are 
limited, since all precedents would appear to require that the precursor of 
D be also a A°-38-hydroxy steroid. There is no evidence that a urinary 
metabolite having this structural feature can arise from a steroidal pre- 
cursor which lacks it. The following A®-36-hydroxy steroids have been 
isolated either from adrenal tissue or from adrenal venous blood: dehydro- 
isoandrosterone (1), A°-pregnenolone (20), 17a-hydroxypregnenolone (5), 
and A*-androstene-38,178-diol (3). Although it has been claimed (6) that, 
ir the dog, pregnenolone can be converted by extra-adrenal tissue to dehy- 
droisoandrosterone, Polley and Mason (21) and MeGavack et al. (22) were 
unable to find any increase in the levels of the urinary 17-ketosteroids even 
after the administration of enormous amounts of pregnenolone to human 
subjects. Moreover, the peripheral conversion of a C2:-17-deoxy steroid to a 
Ci, steroid has not been demonstrated in the human. Hirschmann et al. (3) 
eliminated A®-androstenediol from consideration as an important precursor 
of urinary D. Since we have already shown that 17a-hydroxypregnenolone 
was not the precursor of urinary D in this patient, the only remaining 
contender for the precursor of urinary D is D secreted by the adrenal. Since 
the patient insisted upon immediate surgery, we were unfortunately unable 
to prove this directly by studying the metabolism of D in her case. 

In normal subjects, the’ conversion of 17a-hydroxypregnenolone to 
urinary D is even smaller (7) than the conversion observed in this patient 
with adrenal adenoma. For this reason, and for those already advanced 
(12), it is reasonable to conclude that the precursor of the urinary D found 
in normal urine is likewise D secreted by the adrenal. The failure to isolate 
D in some samples of adrenal vein blood (2) could well be explained by the 
fact that these blood samples were drawn from elderly patients with ad- 
vanced metastatic cancer. It is known that such patients excrete only a 
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small amount of 11-deoxy-17-ketosteroids (23) in the urine, from which it 
can be inferred that the amount of D synthesized by them is also small. 

Recently, Baulieu (24) presented evidence that tumors of the adrenal 
can secrete DHS. In addition to isolating the sulfate from such a tumor, he 
also demonstrated that the concentration of the conjugate was greater in 
the adrenal venous effluent than it was in the peripheral plasma. Thus, 
DHS synthesized by the adrenal could also be a precursor of urinary DHS. 
Since D and DHS have been shown to be interconvertible in vivo (25), the 
biologic consequences of either being produced by the adrenal might be 
identical. 

Of the injected radioactivity, 0.24 per cent was recovered as androsterone 
and 2.8 per cent as etiocholanolone. The urinary excretions of these 17- 
ketosteroids were 7 and 20 mg. per day respectively. The preponderance 
of radioactivity present in the etiocholanolone fraction as compared to 
that found in the androsterone fraction, is consistent with the findings 
of previous studies (26) which demonstrated that when A‘-3-ketosteroids 
possessing 17a-hydroxy-20-keto side-chains are metabolized to 17-keto- 
steroids, the isomer formed in largest amount belongs to the 58 series. 
From the data on percentage conversion, it is evident that the 63 mg. 
of 17a-hydroxypregnenolone produced daily by this patient would con- 
tribute only 0.1 mg. to urinary andresterone and 1.7 mg. to urinary 
etiocholanolone, 7.e., only a small fraction of the amounts of these 17-keto- 
steroids actually excreted. Since the endogenous production of 17a-hy- 
droxyprogesterone has been shown to be negligible, it would appear that 
most of these urinary 17-ketosteroids were derived from a Ci precursor 
such as dehydroisoandrosterone, A*-androstenedione or testosterone. Our 
data do not permit a direct determination of that fraction of the urinary 
androsterone and etiocholanolone that was derived from D and that which 
was derived from androstenedione and/or testosterone. The principai 
precursor of the urinary D must have been secreted in amounts at least 
equal to the 110 mg. found in the urine. Since this precursor undoubtedly 
also contributed to the urinary A and E, the contributions from andro- 
stenedione and/or testosterone must have been relatively small. Both 
androstenedione and testosterone are efficiently converted into urinary A 
and FE, and since the total concentration of these metabolites in urine was 
only 30 mg. per day, it is reasonable to conclude that the amount of andro- 
stenedione and/or testosterone produced in this patient must have been 
small. Nevertheless, in view of the great differences in the biologic activities 
of the A‘-3 ketones as compared with that of D, small amounts of these 
compounds may have accounted for the virilization observed in this 
patient. 
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BILIARY AND URINARY METABOLITES OF 4-C!4- 
17a-HY DROXYPROGESTERONE IN 
HUMAN SUBJECTS* 
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Medical Foundation of Buffalo and Roswell Park Memorial Institute, Buffalo 3, N. Y. 


ABSTRACT 


The metabolism of 4-C'-17a-hydroxyprogesterone, injected intravenously 
into 6 endocrinologically normal women (3 with bile fistulas), was essentially 
like that described previously by other investigators for large quantities of 17a- 
hydroxyprogesterone. Differences from reported results were the presence of 
tetrahydrocortisone, the absence of significant amounts of androgenic 17- 
ketosteroids, and the predominance of pregnane-3a,17a-diol-20-one over 
pregnanetriol in the urine. The biliary metabolites, reported here for the first 
time, were similar to those in the urine. The endogenous daily production of 
17a-hydroxyprogesterone was calculated to be approximately 2 mg. 


17a-Hydroxyprogesterone is an important intermediate in the biosynthe- 
sis of steroid hormones. It is a precursor of cortisol (1) and androstenedione 
(2), the latter itself being a precursor of testosterone and estrogens. Since 
in most forms of the adrenogenital syndrome, 17a-hydroxyprogesterone 
appears to be a major steroid secreted by the adrenal cortex (3), knowledge 
of its metabolism is of considerable biochemical and clinical interest. Even 
though several papers (4-9) have been published on this subject, quantita- 
tive aspects of 17a-hydroxyprogesterone metabolism are largely unknown. 
This may be due to the use in the past of unlabeled 17a-hydroxy progester- 
one. Recently, moreover, it has been shown that after the intravenous 
injection of 4-C'*-17a-hydroxyprogesterone into human subjects with bile 
fistulas, an appreciable amount of radioactivity is excreted in the bile (10). 
Identification of these biliary metabolites has not, to our knowledge, been 
accomplished. In this publication, therefore, we wish to report an analysis 
of urinary and biliary excretory metabolites following the injection of 
4-C'-17a-hydroxyprogesterone into human subjects. 


PROCEDURE 


Clinical material 
Urine and bile samples were obtained from 6 women who, from an endocrinologic 
point of view, were considered to be normal. Three of these women had bile fistulas 
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after cholecystectomy for cholelithiasis. Bile and urine were collected separately. Pa- 
tients received from 2.0 to 4.5 ue. of 4-C™-17a-hydroxyprogesterone (40 we. per mg.) 
by the intravenous route. One subject received an injection of 100 mg. of carrier 17a- 
hydroxyprogesterone, and at the end of the infusion the C'-labeled steroid was adminis- 
tered through the tube. Approximately 99 per cent of the radioactive steroid obtained 
from the New England Nuclear Corporation possessed the same mobility as standard 
17a-hydroxyprogesterone upon paper chromatography. The 1 per cent impurity was 
less polar than 17a-hydroxyprogesterone. Details concerning the clinical material may 
be found elsewhere (10). 

Details concerning the collection of urine and bile, the hydrolysis and extraction of 
the steroids, and the measurement of radioactivity have been described elsewhere (10). 
Briefly, they consisted of extraction of unconjugated steroids followed by enzymatic 
hydrolysis (Ketodase) and continuous extraction at pH 1 for forty-eight hours. In 
this way, 40-60 per cent of the administered radioactivity could be recovered. Extracts 
of urine from patients without a bile fistula were pooled (Extract NBF), as were the 
extracts of urine from the bile-fistula patients (Extract BF). The extract of urine 
(Extract C) from the one subject who received, in addition to the tracer, 100 mg. of 
carrier intravenously was processed separately. All extracts of bile were also pooled 
(Extract B). The extracts resulting from strong acid hydrolysis were not included in the 
study because of possible effects produced by the procedure. 


Nonradioactive steroids 


Pregnane-3a-ol-20-one, pregnane-38-ol-20-one, 5a-pregnane-3a-ol-20-one and 5a- 
pregnane-36-ol-20-one, which served as starting materials for the synthesis of 17- 
hydroxy-20-ketosteroids, as well as pregnane-3a,17a-diol-20-one, 5a-pregnane-38, 
diol-20-one, etiocholan-3a-ol-17-one and etiocholane-3,17-dione, were obtained from 


the Elite Chemical Company.! 

Pregnane-38,t7adiol-20-one and 5a-pregnane-3a,17a-diol-20-one were synthesized 
from pregnane-38-ol-20-one and 5a-pregnane-3a-ol-20-one, respectively, by the method 
of Kritchevsky and Gallagher (11). The intermediary 17:20-enol acetates, however, 
were obtained by the use of isopropeny! acetate instead of acetic anhydride. 

Pregnane-17a-ol-3,20-dione and 5a-pregnane-17a-ol-3,20-dione were synthesized by 
N-bromoacetamide oxidation of pregnane-3a,17a-diol-20-one and 5a-pregnane-36,17a- 
diol-20-one, respectively (12). 

Pregnane-3a,17a,206-triol, pregnane-36,17a,206-triol, 5a-pregnane-3a,17a,208-triol 
and 5a-pregnane-38,17a,208-triol were obtained by sodium borohydride reduction of the 
corresponding pregnane-3,17a-diol-20-one as described by Fukushima and Meyer (13). 
In the reaction mixture the ratio of 208- to 20a-triols was 10:1-20:1. Purification was 
performed by gradient elution chromatography on alumina. 

Pregnane-3a,17a,20a-triol, pregnane-38,17a,20a-triol, 5a-pregnane-3a,17a,20a-triol, 
and 5a-pregnane-38,17a,20a-triol were synthesized by lithium aluminum hydride re- 
duction of the corresponding 17a,208-epoxy-5a(or 8)-pregnane-3,20a-diol diacetates 
(13), obtained from the corresponding pregnane-3-ol-20-ones by epoxidation with 
perbenzoic acid of their 17:20-enolacetates (11). 

All nonradioactive standards were crystallized until sharp melting points in agree- 
ment with those published were obtained. 


Countercurrent distribution (CCD) 
The urine and bile extracts dissvlved in ether were first washed with 0.1 NV NaOH and 
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TABLE 1. COUNTERCURRENT DISTRIBUTION OF EXTRACTS IN THE SYSTEM CYCLOHEX- 
ANE: ETHYL ACETATE/METHANOL: WATER, 600:400/600:400 (n = 100) 


| Fraction 
Extract | | 


Tube No. 


NBF Tube No. | 025 | 26-47 | 48-70 71-99 
| % | 8.7 | 
C | Tube No. 0-22 | 23-45 | 46-70 | 71-99 
| % 4.5 36.7 | 50.9 | 7.9 
B Tube No. 0-26 27-50 | 51-99 
| % | | 55.2 


* Per cent of total radioactivity in extract. 


water and evaporated to dryness. Each extract was separated into 4 fractions (Table 1) 
by CCD. Each fraction was subsequently separated into its ketonic and nonketonic 
moiety by Girard fractionation. Since it was found that the presence of nonketonic 
material in fraction III was attributable to overlapping of fractions II and III in the 
CCD, the nonketonic portions of fractions II and III were pooled (Nonketonic Fraction 
‘II (+II1)). For the same reason the ketonic fractions II and III were also pooled 
(Ketonic III (+II)). Subsequent separation was accomplished by column chromatog- 


raphy. 


Silica gel chromatography 

This was used as a means of purification of countercurrent distribution fraction I. 
Six Gm. of silica gel suspended as a slurry in chloroform was poured into a column 
(1X25 em.) with a fritted glass plate for support. The extract, dissolved in chloroform, 
was absorbed onto the column and was eluted with a gradient elution system of pure 
chloroform in the receiving vessel and pure acetone in the donor (affluent ratio 1:1). 
The flow was unrestricted. Radioactivity contained in fractions 10-25 (10 ml. each) 


was pooled. 


Alumina chromatography 
Alumina chromatography was performed by the gradient elution technique (14) using 
15 Gm. of neutral alumina (Woelm? Grade I) (Table 2). 


Paper chromatography 

In order to check the purity of different fractions from the column, several conven- 
tional (15, 16) paper chromatographic systems were used: A) Skellysolve C/85% 
methanol; B) benzene:Skellysolve C/methanol: water, 33:67/80:20; C) hexane/forma- 
mide; D) toluene/propylene glycol; and E) toluene:n-heptane/methanol: water, 75: 
25/80:20. 


? Alupharm Chemicals, P.O. Box 755, New Orleans, Louisiana. 


‘ 
= 
0-23 | 2448 | 49-71 72-99 
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TABLE 2. SYSTEMS USED IN GRADIENT ELUTION CHROMATOGRAPHY 


Water Volume |Composition Composition] Ratio efflu- 
System | Fraction content of of receiver of of vent receiver/ 


* 
alumina, % receivert donort | donor 


| 


No. 


2 
Il 4 
| Ww | 4 


* For identification of fractions, see Table 1. 
{ Expressed as per cent methanol in benzene. 


Identification 


Identification was based on the reverse isotopic dilution technique. After 10-20 mg. 
of carrier had been added to an isolated radioactive metabolite, the carrier was re- 
crystallized until the specific activity remained constant for at least two successive 
erystallizations. In the study in which 100 mg. of 17a-hydroxyprogesterone was also 
given (Extract C), infrared spectrophotometry, recrystallization to constant specific 
activity and melting points were used for identification. 


RESULTS 


CCD Fraction I 


After purification of the ketonic fraction on silica gel, the extract was 
chromatographed in the toluene/propylene-glycol system for seventy-two 
hours and afforded 2 radioactive peaks with a mobility similar to that of 
tetrahydrocortisone and of tetrahydro compound § or 11-ketopregnane- 
triol, respectively. Since the less polar peak represented only a very small 
amount of radioactivity, the compound was not studied further. Crystal- 
lization of the more polar compound afforded 2 mg. of material with a 
specific activity of 1820 counts/minute/umole and an infrared spectrum 
identical to that of tetrahydrocortisone. Reverse isotopic dilution of the 
compound with pregnane-3a, 17a,21-triol-11,20-dione afforded crystals with 
a constant specific activity which did not change upon formation of its 
dinitrophenylhydrazone. The nonketoniec portion of Fraction I afforded 
only one peak upon chromatography in system II, and this was identified as 
pregnane-3a, 17a,20a-triol. 


Nonketonic Fraction II 


Chromatography on alumina afforded 2 well defined peaks and a less 
polar plateau. The most polar material, accounting for about 90 per cent of 
the radioactivity applied to the column, was pregnane-3a,17a,20a-triol. 
Slightly less polar, and accounting for about 5 per cent of the fraction, was 
pregnane-3a,17a,206-triol. In Extract C, prior to chromatography, this 
fraction was separated by digitonin precipitation into its 3a and 38 compo- 
nents. The radioactivity was nearly exclusively (98.5 per cent) in the 3a 
portion; moreover, subsequent analysis showed that most of the radio- 


600 0.5 10 5 
600 0.25 6 5 
700 0.0 4 7 
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activity in the 36 fraction was attributable to pregnane-3a,17a,20a-triol. 
Besides the aforementioned two 58-pregnanetriols, alumina chromatog- 
raphy of the 3a portion of Extract C furnished a small amount of a less 
polar compound which, upon reverse isotopic dilution, proved to be 5a- 
pregnane-3a,17a,20a-triol. In all experiments very small amounts of non- 
polar steroids were found which could not be identified with certainty. 


Ketonic Fraction ITI (+1) 


Chromatography on alumina afforded 2 fractions, the most polar of 
which accounted for 80-95 per cent of the radioactivity in this fraction and 
was shown to be pregnane-3a,17a-diol-20-one. The less polar fraction was 
further resolved on alumina chromatography in the system used for trac- 
tion IV, into 2 components. The more polar, accounting for 60-75 per cent 
of this fraction, was pregnane-17a-ol-3,20-dione; the less polar, 5a-preg- 
nane-17a-ol-3,20-dione. 


Fraction IV 


Since the nonketonic portion of Fraction [IV represented only about 1 
per cent of the total urinary extract, this fraction was not studied further. 

The ketonic portion was chromatographed in System IV and separated 
into 3 ill-defined peaks. Since chromatography of pure steroids had shown 
‘us previously that mixtures of pregnane-17a-ol-3,20-dione, androsterone, 
5a-pregnane-17a-ol-3,20-dione and etiocholanolone would be incompletely 
resolved, the 3 peaks were recombined and the material was acetylated 
with pyridine and acetic anhydride before rechromatography on alumina 
using a modified System IV. The acetylated material was applied to the 
column in benzene-petroleum ether (1:1) and developed with 100 ral. of the 
same solvent. Afterwards, chromatography was continued with System 
IV. This afforded 3 peaks of radioactivity; the least polar peak was eluted 
with benzene-petroleum ether and was identified as etiocholanolone ace- 
tate. The other 2 peaks were identified as 5a-pregnane-17a-ol-3,20-dione 
and pregnane-17a-ol-3,20-dione, respectively. 

Table 3 summarizes the, metabolites which were identified and the per- 
centage of the urinary extracts which they represented. 


DISCUSSION 


As far as the qualitative aspects of 17a-hydroxyprogesterone metabolism 
are concerned, our results largely confirm those obtained previously (4, 
7-9), i.e., 17a-hydroxyprogesterone is largely metabolized to pregnanetrio! 
and pregnanediolone. 5a-Pregnane-17a-ol-3,20-dione and etiocholanolone 
are minor metabolites. 

No pregnanolones were observed in the urine and bile specimens ana- 
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lyzed. Pregnanolones have been shown by Fukushima and Gallagher (17) 
to be artifacts formed by the pinacol-pinacolone rearrangement of 17:20- 
glycols induced by mineral acid hydrolysis. In our experiments, solvolysis 
(18) was performed under much milder conditions and this may have 
prevented formation of these artifacts. 

Rather surprising, however, was the finding of radioactive tetrahydro- 
cortisone. 17a~Hydroxyprogesterone is known to be a precursor of cortisol 
in the adrenal (1). Although the radioactivity attributable to tetrahydro- 
cortisone represented only a minute percentage of the radioactivity in- 
jected, it seems more than could be expected from adrenal perfusion. 

It is of interest that in all the extracts studied, pregnane-3a,17a-diol-20- 
TABLE 3. METABOLITES ISOLATED FROM URINE AND BILE AFTER INTRAVENOUS 


ADMINISTRATION OF 4-C'-17a-HYDROXYPROGESTERONE 
(expressed as per cent of radioactivity present in the total extract) 


Extract 


Metabolite identified 


Pregnane-3a, 17a,21-triol-11,20-dione 


| 

Pregnane-3a, 17a,20a-triol | 26.0 30.2 | 29.8 25.9 
Pregnane-3a,17a,206-triol 3.4 — 
5a-Pregnane-3a, 17a,20a-triol — — 
Pregnane-3a, 17a-diol-20-one | 53.0 38.9 34.5 38.5 
Pregnane-17a-ol-3,20-dione 0.5 0.3 0.2 ri 
5a-Pregnane-17a-ol-3,20-dione 0.3 | | 0.1 3.0 
Ktiocholan-3e-ol-17-one | — 0.3 0. 

— 

| 


one was quantitatively by far the most important metabolite, representing 
about 40 per cent of the radioactivity present in the total extract or 25 per 
cent of the administered radioactivity. This differs from the results of 
Brooks and Prunty (9) and of Axelrod and Goldzieher (8), who found 
pregnanetriol to be predominant over pregnanediolone. There are some 
differences in technique and choice of subjects which might account for this 
discrepancy. The latter investigators used only hydrolysis with 6-glucuro- 
nidase (Ketodase) and administered 17a-hydroxyprogesterone orally; the 
former studied patients with the adrenogenital syndrome. Although 
Axelrod and Goldzieher (8) isolated 5a-pregnane-38,17a-diol-20-one and 
5a-pregnane-3a,17a-diol-20-one from the urine of their patients, we were 
unable to detect these metabolites. If present, these compounds would 
represent less than 1 per cent of the radioactivity in the extract. 
Pregnane-3a,17a,20a-triol accounted for 25-30 per cent of the radio- 
activity in the extract, whereas pregnane-3a,17a,208-triol, the only other 
pregnanetriol regularly found, accounted for about 2.5 per cent. In only 
one instance (C) could we identify 5a-pregnane-3a, 17a,20a-triol. 
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Of the 17-ketosteroids, only etiocholanolone could be identified and it 
accounted for less than 0.5 per cent of the radioactivity. No androsterone, 
androstenedione, or etiocholanedione was found. If present, these com- 
pounds would appear to represent a very small fraction of the radioactivity. 
The identification of etiocholanolone as the most important 17-ketosteroid 
derived from the administered 17a-hydroxyprogesterone suggests that 
cleavage of the side-chain of 17a-hydroxyprogesterone occurs after satura- 
tion of Ring A, thus producing largely compounds of the 58 series. It has 
been suggested by Jailer et al. (4) that virilism in the adrenogenital syn- 
drome is induced by the piling up of partially hydroxylated hydrocortisone 
precursors, mainly 17a-hydroxyprogesterone, which escape into the circula- 
tion and are metabolized along well known pathways, resulting in the 
production of androgens. Our results do not support this hypothesis, as 
only a minimal percentage of 17a-hydroxyprogesterone was metabolized to 
17-ketosteroids. This suggests that masculinization in the adrenogenital 
syndrome results from androgens synthesized in the adrenals. 

Metabolites in bile were essentially similar to those in urine. Moreover, 
the bile fistula did not seem to affect the quantitative or qualitative urinary 
excretion of 17a-hydroxyprogesterone metabolites. This suggests that an 
enterohepatic circulation of 17-hydroxyprogesterone metabolites probably 
does not exist, but that, once excreted in the bile, the metabolites are 
primarily eliminated in the feces. This is similar to the metabolism of 
progesterone (19), but differs completely from that of the estrogens (20). 
Previous studies have shown that following progesterone administration 
the bile tends to contain relatively less of the more polar metabolites than 
does the urine (21). This could not be demonstrated for 17a-hydroxypro- 
gesterone. The only difference between the steroid pattern in urine and bile 
was the significantly higher percentage in bile of the pregnane-17a-ol-3,20- 
diones. 

From the data presented, the amount of 17a-hydroxyprogesterone pro- 
duced in the body daily can be calculated. The calculations are based on 
the assumption that the sole origin of pregnanetriol is 17a-hydroxyproges- 
terone. To our knowledge, no conflicting evidence has been published. Two 
of the subjects without bile fistulas received an injection of radioactive 
17a-hydroxyprogesterone having a specific activity of 40,000 counts/min- 
ute/ug. The pregnanetriol isolated from the urine (collected for seventy- 
two hours) of these subjects revealed a specific activity of 600 counts/ 
minute/ug. This indicates a 67-fold dilution of the isotope, corresponding 
to a production of 17a-hydroxyprogesterone of 1.1 mg. per twenty-four 
hours per subject. In 3 subjects with bile fistulas the calculations revealed a 
daily production of 1.65 mg. per subject. These figures are in close agree- 
ment with those published for the daily urinary pregnanetriol excretion 
(<2.0 mg.) in subjects without endocrine abnormalities (22, 23). 
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Addendum 


In a recent report, published since the completion of the present paper, Fukushima 
et al. (24) have described the metabolism of C'-17a-hydroxyprogesterone in 1 endocri- 
nologically normal male subject and in 1 patient with congenital adrenal hyperplasia. 
In general, the urinary metabolites isolated from the urines of these 2 subjects were 
very similar to those reported in the present paper, with the exception of the finding of 
androsterone by Fukushima et al. (24). It should be pointed out, however, that the total 
amount of androsterone and etiocholanolone excreted in the urine constituted a very 
small percentage of the injected radioactive 17a-hydroxyprogesterone. 
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ABSTRACT 

In a group of normal adult males the administration of 0.2—0.4 1.u. per Kg. 
of vasopressin (5 subjects) or 0.4 1.U. per Kg. of oxytocin (5 subjects) intra- 
venously four days after an oral tracer dose of radioiodine caused no significant 
increase in the plasma level of the radioactive protein-bound iodine nor de- 
crease in the thyroidal radioiodine content. In 3 additional men, the param- 
eters used were significantly altered by 10 1.u. of thyrotropin given intra- 
muscularly. Therefore, under the conditions studied, neither vasopression nor 
oxytocin stimulate the human thyroid, either directly or by way of thyro- 
tropin release. 


HE secretion of tropic hormones by the adenohypophysis has been 

demonstrated to be under the influence of the hypothalamus. Observa- 
tions have been made which suggest that one or more hypothalamic neuro- 
humoral agents secreted by the median eminence into the hypophyseal 
portal system effect release of the pituitary hormones (1). The precise 
nature of these transmitting materials is unknown. Guillemin et al. (2), 
believe that the neurohumoral substance that causes release of adrenocorti- 
cotropin (ACTH) may be one or more peptides related to vasopressin or 
oxytocin. Other evidence has been interpreted as indicating that vasopres- 
sin and oxytocin may effect an increased release of anterior pituitary 
hormones, including ACTH, gonadotropin and thyroid-stimulating hor- 
mone (TSH) (3-7). Harris (8) has demonstrated release of protein-bound 
I'5! from the rabbit thyroid in vivo following administration of vasopressin. 
Other authors (9, 10) have reported no effect of vasopressin and oxytocin 
upon TSH release. Because of these varied observations, the present study 
of the effects of vasopressin and oxytocin upon thyroid function in the 
human was undertaken. 


Received July 3, 1961. 
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MATERIAL AND METHODS 


The studies were carried out on 19 hospitalized male patients under the age of 45 
who had no clinical or laboratory evidence of endocrine disease. They were divided into 
four groups. One group of 6 subjects served as controls; a second group of 3 patients 
received 10 units of thyrotropin (Thytropar, Armour) intramuscularly. The third group 
was composed of 5 patients who received synthetic oxytocin (Syntocinon, Sandoz), 
0.4 1.u. per Kg. of body weight intravenously in a two-hour infusion. The fourth group 
of 5 subjects was given vasopressin (Pitressin, Parke-Davis) in doses ranging from 0.2 
to 0.4 1.u. per Kg. of body weight intravenously during a two-hour period. The higher 
dose could not be administered to 2 of the subjects because of severe nausea and ab- 
dominal cramps, but in no case did any patient receive less than a total of 0.2 I.v. per 
Kg. of body weight. The subjects were not used as their own controls, in an effort to 
minimize exposure to radiation. 

The substances under study were injected ninety-six hours after the administration of 
an oral tracer dose of between 100 and 150 we. of carrier-free sodium iodide™!, A stand- 
ard was retained for reference counting. Measurements of radioactivity over the thy- 
roid gland were made periodically with a lead-shielded scintillation counter. Samples of 
heparinized blood were drawn at specific intervals and processed by the ion-exchange 
column method (PBI-Rezikit, Squibb). The radioactivity in the plasma effluent was 
determined in well-type scintillation counters and the plasma radioactive protein-bound 
iodine concentration (PBI'*!) was calculated in terms of the percentage of the adminis- 
tered dose per liter of plasma present in each specimen. Blood samples for protein-bound 
iodine concentration (PBI) were obtained from some patients either twenty-four or 
forty-eight hours before, and again twenty-four hours after injection of vasopressin, 
oxytocin or TSH. The PBI determinations were performed by the Bio-Science Labora- 
tories by a modification of the method of Barker et al. (11). 


RESULTS 


The data in Figures 1 and 2, and in Table 1 indicate that vasopressin, 
given intravenously in quantities between 0.2 and 0.4 1.v. per Kg., failed to 
increase plasma PBI'*! concentration or alter thyroidal radioactivity. A 
similar lack of response in these parameters was noted in the group that 
received 0.4 1.U. per Kg. of oxytocin. In the subjects that were given TSH, 
there was a significant increase in the plasma PBI'* level and a significant 
decrease in thyroidal radioactivity. 

The infusion of oxytocin produced no change in mean serum PBI con- 
centration, whereas in the group of subjects that received TSH there was 


TABLE 1. MEAN percentage change IN INDICES OF THYROID FUNCTION IN THE 24-HOUR 
PERIOD FOLLOWING THE ADMINISTRATION OF THE EXPERIMENTAL SUBSTANCE WHICH 
WAS GIVEN FOUR DAYS AFTER A TRACER DOSE OF RADIOIODINE 


Control 


| | 
| | 
| Mean SD | Mean sD | p* Mean SD tae Mean SD_ | P* 


425.4 +194.1 +106.1 <.01 | +22.4 +7.8 +20.6 +12.6 | ns. 


Thyrotropin Oxytocin | Vasopressin 
|- 
| 


| +1.5 + 8.9 ns. 


Thyroidal radio- | 
iodine retention | + 0.2 + 2.0 


<.001 | — 3.5 +5.8 


—-11.0 + 4.0 


* P refers to comparison with control group. 
** Not significant (P =0.3 or greater). 
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CONTROL THYROTROPIN 


t 
OXYTOCIN VASOPRESSIN 


.000 


.050 


1 


(% ADMINISTERED DOSE /L. PLASMA) 


3 4 6 3 4 
TIME IN DAYS AFTER ADMINISTRATION OF RADIOIODINE 
Fig. 1. Mean plasma protein-bound radioiodine concentration vs. time, in control 


subjects and subjects given oxytocin, vasopressin or TSH at the times indicated by the 
arrows. 


an increase in the mean serum PBI level from 4.5 ug. per 100 ml. before 
stimulation to 7.9 ug. per 100 ml. twenty-four hours after administration. In 
the group that received vasopressin, there was an insufficient number of 


serum PBI determinations for analysis of the effects. 


DISCUSSION 


It would appear from these data that large intravenous doses of vaso- 
pressin and oxytocin fail to stimulate thyroid function in normal men as 
measured by parameters that are significantly altered by 10 1.v. of TSH 


CONTROL THYROTROPIN 
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Fig. 2. Mean thyroidal radioiodine retention vs. time, in control subjects and subjects 
given oxytocin, vasopressin or TSH at the times indicated by the arrows. 
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given intramuscularly. It has been reported that neurohypophyseal hor- 
mones fail to affect thyroid function as measured by thyroid hormone 
secretion in rats (9) and in cats and rabbits (12), but Harris (8) has ob- 
served an increased thyroidal release of PBI'*' in rats after administration 
of vasopressin. Various concentration of posterior pituitary extracts per- 
fused directly and continuously into the grafted or intact pituitary of 
animals have not been found to stimulate TSH release (10). On the other 
hand, Fraja and Martini (3) have reported that the intravenous adminis- 
tration of posterior pituitary hormones, particularly oxytocin, causes the 
liberation of TSH from the pituitary of the dog. Bottari (7) has demon- 
strated an increase in circulating TSH levels at one, two, and three hours 
following the intraperitoneal administration of 0.2 1.u. per Kg. of vasopres- 
sin in the rabbit. Some of these discrepancies in response might be due to 
species differences, or to an effect of vasopressin on the thyroid or on the 
peripheral utilization of thyroid hormone that would mask the response to 
an increased level of TSH. It is conceivable that the octapeptides, given 
intravenously, do not reach a concentration in the hypophyseal portal 
system of the human being that is adequate for TSH release. However, the 
experiments of Fraja and Martini (3) and of Bottari (7) would indicate that 
in the dog and rabbit the systemic administration of quantities of vaso- 
pressin and oxytocin in the range used in our study does increase TSH 
“release. 

Kinhorn (13) has demonstrated that there is a direct relationship be- 
tween plasma PBI'*! concentration and increments in PBI'* following the 
administration of TSH. Therefore, when PBI'*! changes are expressed as a 
percentage of the values obtained immediately preceding the injection of 
TSH, there is less variability than when PBI'* increments are expressed as 
absolute values. Mertz (14) has noted that the administration of Pitressin 
tannate in oil to human subjects, some of whom were hyperthyroid and 
some euthyroid, produced an increase in thyroid function as measured by 
an absolute increase in the level of circulating PBI'*'. However, if the data 
from his euthyroid patients are analyzed after excluding the values for 
thyrotoxic patients (in whom small relative variations would be reflected in 
large absolute differences) there is no significant increase in PBI'*! concen- 
tration following administration of vasopressin (P =:0.4). 

It is of interest that following administration of TSH, the percentage 
increment of PBI'* is greater than that of the PBI. This confirms the 
observations of Einhorn (13) that the PBI'*! level, under the conditions 
studied, is a more sensitive indicator of TSH effect than is the chemically 
determined PBI level. The marked change caused by TSH in plasma PBI'*! 
concentration in comparison with the significant but lesser percentage 
change in thyroidal radioactivity would appear to be a reflection of the 
difference in the intrathyroidal and extrathyroidal organic iodine pools that 
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Berson and Yalow (15) have described. Our observation that the concen- 
tration of PBI'*' continued to rise throughout the six days of the control 
studies agrees with data previously reported by Berson and Yalow (15) and 
Becker et al. (16), but does not agree with the report of Quimby et al. (17) 
that the plasma PBI'* concentration in euthyroid subjects reaches a maxi- 
mum seventy-two hours after administration of the radioiodine. 
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ABSTRACT 


The metabolism of tracer doses of I''-labeled 3,5,3’-triiodothyroacetic acid 
(Triac) and tetraiodothyroacetic acid (Tetrac) was studied in euthyroid sub- 
jects and in patients with partia] externa) bile fistulas. In normal subjects, Triac 
was very rapidly cleared from the blood and concentrated by the liver; both 
Triac and Triac glucuronide were excreted in high concentrations in the bile. 
Most of the administered radioactivity rapidly appeared in the urine as in- 
organic I'*!, Tetrac was metabolized quite differently. It disappeared from 
serum more slowly than Triac; an apparent mean half-time in serum of 3.3 days 
was observed. Tetrac was less highly concentrated in the liver and in the bile. 
Most of the administered radioactivity ultimately appeared in the urine as in- 
organic iodide. Formation of conjugates, which appeared to be an important 
pathway in the metabolism of Triac, was less prominent in the case of Tetrac. 
These findings are compared with prior studies of the peripheral metabolism of 
|-3,5,3’-triiodothyronine and /-thyroxine, and are considered in the light of 
previous observations concerning the binding of these several compounds to 
plasma proteins. 


HE peripheral metabolism of I-thyroxine (T,) and of [-3,5,3’-triiodo- 

thyronine (T;), the two major hormones secreted by the thyroid gland, 
has been extensively studied in man (1-6). Correlative studies have shown 
that, when eumetabolic status is maintained, the fractional rate of turnover 
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of thyroxine peripherally is often inversely related to the binding capacity 
of the thyroxine-binding globulin (TBG) in serum (7-10). Therefore, it 
seems likely that the binding of T, to TBG is an important determinant of 
the rate at which T, is metabolized in man (cf. reviews, references 11-13). 
However, the physiologic role of the more recently described thyroxine- 
binding pre-albumin (TBPA) (14) is less clearly defined. 

Recently, electrophoretic analyses have indicated that several deriva- 
tives of T, and T; have binding properties which differ greatly from those 
of the parent compounds. Of particular interest was the finding that deami- 
nation induces or enhances binding by TBPA in human serum, and abol- 
ishes binding by TBG (15). In view of this predominant binding of the 
deminated derivatives to TBPA, it appeared possible that the peripheral 
metabolism of these derivatives might differ from that of Ty and T; in a 
manner which could be correlated with their known differences in protein 
binding. In turn, reported peculiarities in their biologie activity (16) might 
be explained by unusual features in their peripheral metabolism. 

The metabolism of labeled tracer quantities of several deaminated 
derivatives has been studied in laboratory animals (17-22). However, since 
the binding of these derivatives by the serum proteins of these species is 
unknown, the animal studies do not allow correlations between binding and 
metabolism to be made. Except for a study of the disappearance of labeled 


triiodothyropropionic acid from the serum of one patient (16), no such 
studies have been made in man. 

Thus, studies were undertaken of the peripheral metabolism in man of 
I-labeled tri- and tetraiodothyroacetic acids (Triaec and Tetrac), com- 
pounds of particular interest since they have been shown to be naturally- 
occurring products of the peripheral metabolism of T, and T; (23). 


MATERIALS AND METHODS 


Materials 

Triac and Tetrac, labeled with I'*' in the phenolic ring, were obtained from a com- 
merical source.! The initial specific radioactivity of both varied from batch to batch, 
but usually approximated 30 mc. per mg. When shipped by the supplier, compounds were 
95-98 per cent pure, as assessed chromatographically, and inorganic iodide was the sole 
contaminant. Immediately upon receipt, compounds were diluted to a concentration of 
30 we. per ml. in i per cent human serum albumin, and these solutions were used for 
injection into patients, usually within forty-eight hours after their preparation. At the 
time of use, purity was re-assessed by ascending filter-paper chromatography in bu- 
tanol-dioxane-2N ammonia (4:1:5). The latter studies revealed that injection solutions 
of Triac were chromatographically homogeneous to the extent of 85-95 per cent: the 
remainder was chiefly iodide, with occasional traces of material at the solvent front. On 
more prolonged standing, subsequent to use for intravenous injection, two unknown 


' Abbott Laboratories, Oak Ridge, Tennessee. 


1550 WILLIAM L. GREEN AND SIDNEY H. INGBAR Volume 21 


TABLE 1, CLINICAL FEATURES OF PATIENTS IN WHOM THE PERIPHERAL METABOLISM 
or TRIAC AND TETRAC WAS DETERMINED 


Patient, age & sex | Diagnosis 


| Compound studied 


Anxiety neurosis Triac 
| Nontoxic nodular goiter Triac 
M.W.—49 F | Graves’ disease, post-I'*! myxedema; receiving 
| desice. thyroid, 2 gr. daily Triac 
H.K.—52 | Sealp laceration; chronic alcoholism Triac 
H.G.—60 M_ | Arteriosclerotic heart disease Triac 
H.T.—72 M_ | Chronic alcoholism Triac 
J.L.—56 M_ | Chronie alcoholism Triac 
A.R.—57 F | Primary myxedema; receiving desicc. thyroid, 
| 2 gr. daily Tetrac 
W.S.—-40 M _ | Alcoholic gastritis; pulmonary tuberculosis, | 
| arrested Tetrac 
J.K.—63 M_ | Arteriosclerotic heart disease; diabetes mellitus Tetrac 
A.W.—27 M | Mental retardation Tetrac 
R.R.—35 M_ | Diffuse toxic goiter, untreated Tetrac 
F.W.—40 M_ | Chronic alcoholism Tetrac 


compounds appeared between iodide and Triac. Tetrac was 90-95 per cent pure, and 
the remainder was mainly iodide with occasional traces (always less than 1 per cent) of 
front-running material and of material with the chromatographic mobility of Triac. 


Subjects 
For the major portion of these studies, patients were selected from the wards or 
Out-Patient Department of the Boston City Hospital, and were admitted to a meta- 
bolic ward. Pertinent clinical information concerning these patients is recorded in Table 
1. Except for one severely thyrotoxic patient, all were clinically well, and were judged to 
be euthyroid by clinical criteria, serum protein-bound iodine (PBI) values and, when 
indicated, determinations of thyroidal radioiodine uptake and basal metabolic rate. 
Studies of biliary excretion of the derivatives were carried out on surgical wards, in 
patients convalescing from biliary-tract surgery who had partial external bile drainage 
through a T-tube. Clinical data on these patients are presented in Table 2. 


Methods 

Clinical. The standard method of study was similar to that used in previous studies 
of the peripheral turnover of labeled T, (4, 6). With the exception of the 2 subjects 
(M.W. and A.R.) receiving desiccated thyroid for treatment of myxedema, all patients 
received methimazole, 30 mg. every six hours, a dose sufficient to block organification 
of iodine by the thyroid gland. A dose of 150 ue. (approximately 5 ug.) of labeled com- 


TABLE 2. CLINICAL FEATURES OF PATIENTS IN WHOM THE BILIARY 
EXCRETION OF TRIAC AND TETRAC WAS STUDIED 


Patient, age & sex | Diagnosis ee’ | ee 
E.F.—64 F | Chronie cholecystitis and cholelithiasis Triac 18 
J.C.—53 M | Chronic cholecystitis and cholelithiasis Triac 6 
L.O.—72 F | Chronic cholecystitis and cholelithiasis; Triac 3 

| staghorn calculus Tetrac 5 
M.C.—87 F | Chronic cholecystitis and cholelithiasis Triac 1 
J.B.—65 M | Chronic cholecystitis and cholelithiasis Tetrac 33 
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pound in 1 per cent human serum albumin was injected intravenously. Serial blood 
samples were drawn and total urine collections made. Aliquots of serum and urine were 
assayed for radioactivity ina well-type scintillation counter. A dilution of the injection 
solution, prepared within a few hours of use, was employed as a standard, and radio- 
activity in samples was expressed as a percentage of the administered dose. External 
body counting was performed in some patients, with a scintillation probe positioned 
over the lower rib margin in the right midclavicular line (‘‘hepatic area”) and over the 
third left intercostal space, 5 cm. from the midline (‘“‘cardiac area’’). 

In the patients with external bile drainage, serial samples of bile and serum were 
assayed for radioactivity; urine collections were not made, and no external body count- 
ing was performed. These patients did not receive methimazole. 

Chromatography. Selected samples of serum, urine and bile were acidified to pH 2-3 
with 10.7 H.SO, and extracted three times with three volumes of butanol saturated with 
water or with 5 per cent sodium thiosulfate. The combined extracts were taken to dry- 
ness in vacuum. The residue was dissolved in a small volume of methanol-2N ammonia 
or of pure methanol, and applied to strips of filter paper, together with appropriate 
stable carriers.? In some instances, when the residue contained much amorphous gummy 
debris, a larger amount of methanol was used to take up the residue, and the insoluble 
waste was removed by centrifugation. The supernatant was then dried to a small 
volume in air at room temperature or in vacuum, and applied to filter-paper strips. 
Samples of all discarded material were assayed for radioactivity, and none contained a 
significant amount. 

Ascending chromatography was carried out in various solvent systems: butanol- 
dioxane-2N ammonia (4:1:5, BDA); butanol-acetic acid-water (100:12:88, BuAc); and 
tertiary amyl alcohol saturated with 2V ammonia (TAA). Most satisfactory results were 
obtained with BDA, but usually identification of the radioactive compounds was con- 
firmed in one of the other two systems. Chromatographic strips were assayed for radio- 
activity in a strip-scanner, and radioautographs were also prepared. Positions of stable 
carriers were detected by spraying with 1 per cent palladium chloride, for iodide, and 
with diazotized sulfanilic acid followed by 10 per cent potassium carbonate, for thyronine 
derivatives. 

TCA precipitation. Selected samples of serum were mixed with 3 volumes of 20 per 
cent trichloracetic acid (TCA), and the resulting precipitate was washed twice with 
5 per cent TCA. The precipitate was then dissolved in 2N NaOH and counted in the 
well counter. 

Beta-glucuronidase hydrolysis. Suspected glucuroconjugates were dissolved in 0.6 ml. 
of distilled water, to which was added 0.4 ml. of 0.4M phosphate buffer, pH 6.2, and 25 
mg. of beta-glucuronidase’ in 1 ml. of distilled water. In control vessels, 1 ml. of dis- 
tilled water was substituted for the enzyme solution. Following overnight incubation at 
37°C., aliquots were applied directly to filter-paper strips and chromatographed in the 
described solvent systems. 

Electrophoresis of serum. Electrophoretic studies of thyroxine-binding proteins were 
performed on sera from several of the patients. Tracer amounts of labeled Ty, and 
measured increments of stable T,, were added to portions of a given serum, and electro- 
phoresis was performed on Whatman #3 filter paper in Tris-maleate buffer, pH 8.6 (12). 


2 Stable Triac and Tetrac were generously supplied by Dr. Wayne A. Ruddy, Warner- 
Lambert Research Institute, Morris Plains, New Jersey. 
3 Obtained commercially from Sigma Chemical Co., St. Louis, Missouri. 
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The “binding capacity” of TBG and TBPA for thyroxine was defined as the maximal 
amount of stable T,, determined from the known specific activity in each portion of 
serum, which could be bound by each of these proteins. Description of the apparatus 
used, and a more detailed discussion of the methods, will be reported elsewhere (24). 


RESULTS 


Testing of methods 

Butanol extraction and TCA precipitation. Since it was not known 
whether the compounds used would be precipitated with serum proteins by 
TCA, or extracted quantitatively from serum by butanol, recovery of Triac 
and Tetrac by these methods was determined. Both Triac and Tetrac were 
completely extracted from serum by butanol (recoveries 100.5 and 103.0 
per cent, respectively). When corrections were made for contaminating 
inorganic iodide, both compounds were almost completely precipitated 
from serum by TCA (recoveries greater than 95 per cent). 

Front-running material. In early experiments, it was noted that a large 
amount of the radioactivity recovered from samples of serum and urine by 
the butanol extraction procedure migrated to the solvent front in all three 
of the solvent systems employed. This material was not seen in those few 
samples which contained sufficient radioactivity to permit direct chroma- 
tography, and thus the front-running material seemed a possible artifact of 
butanol extraction. To test this possibility, labeled Triac in a dilute solu- 
tion of serum albumin was carried through the regular extraction proce- 
dure, and samples for chromatography were taken at each step. It was 
found that front-running material was formed in small amounts in the first 
extraction, and that very large amounts were formed as the acid extract 
was taken to dryness. However, neutralization of combined extracts with 
2N NaOH prior to drying greatly diminished the formation of this front- 
running material. This finding agrees with the earlier suggestion that such 
rapidly-migrating substances may be butyl or other esters of iodophenols, 
formed in acid solution (25). In all subsequent studies, the combined 
butanol extracts were neutralized with 2N NaOH or NH,.OH before drying. 

Triac glucuronide. In the course of the studies with Triac, it became 
evident that a compound resembling Triac glucuronide was an important 
metabolic product. The behavior of Triac glucuronide in the extraction 
methods employed was therefore determined. The conjugate was prepared 
biosynthetically in the rat. An external biliary fistula was created,‘ and the 
rat received an injection of 500 ue. of labeled Triac. Bile collected between 
two and six hours after injection was used for direct preparative chroma- 


4 The bile fistula was kindly prepared by Dr. J. D. Ostrow, Thorndike Memorial 
Laboratory, Boston City Hospital, Boston, Mass. 
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tography. Neither iodide nor Triac could be definitely identified in rat bile. 
Rather, the major radioiodinated components were a compound migrating 
less rapidly than iodide and one migrating between iodide and Triac in the 
BDA solvent system. Both of these compounds were eluted and aliquots 
were subjected to beta-glucuronidase hydrolysis. The compound of lower 
mobility was changed by the enzyme into a substance with the mobility of 
Triac in BDA; the mobility of the other compound did not change detect- 
ably after incubation with the enzyme. 

The presumed glucuronide of Triac was highly soluble in acid butanol 
(partition coefficient, butanol: water, approximately 100:1 at pH 3), was 
chromatographically unchanged by butanol extraction, and was 97 per cent 
precipitable from serum with TCA. To assess further its protein-binding 
characteristics, the glucuronide was eluted from filter paper into serum 
which was then electrophoresed in Tris-maleate buffer at pH 8.6. The 
protein-binding properties were qualitatively similar to those of unconju- 
gated Triac, in that the greater part was bound to albumin, a lesser amount 
to TBPA, and none to TBG. 


Metabolism of Triac 


Labeled Triac was administered to 7 patients. Electrophoretic studies of 
serum from 3 of these patients showed normal binding capacities of TBG 
and TBPA for thyroxine. In all patients, total radioactivity in serum 
declined very rapidly, reaching approximately 3 per cent of the adminis- 
tered dose per liter in three hours (Fig. 1). The rate of disappearance of I'*! 
then slowed, but remained quite rapid; the half-times (t/2), estimated 
from the semi-logarithmic disappearance slope, averaged 19 hours (range, 
15-27 hours). 

Chromatography of serum was difficult because of the very small 
amounts of radioactiv.ty present after the first two to three hours. Early 
(3-5 minute) blood samples from 6 of the patients were chromatographed, 
and all showed predominantly unchanged Triac. In later samples, from one 
hour to six and a half hours after injection, iodide predominated, and only 
faint additional spots could be seen on radioautographs. In 4 patients, a 
compound migrating more slowly than iodide was identified. Representa- 
tive findings in BDA chromatograms from one patient are shown in Figure 
2. At fifty-five minutes, Triac made up only a small proportion of the radio- 
activity, and three other components could be seen—inorganic iodide, a 
compound migrating more slowly than iodide, and one migrating slightly 
more slowly than Triac. At six and a half hours, iodide predominated, and 
the only other compound present was the one with a mobility which was 
less than that of iodide. Such slew-moving compounds are usually thought 
to be conjugates. A compound in bile, of similar mobility, was demon- 
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Fig. 1. Disappearance from serum and cumulative urinary excretion of radioactive 
iodine after single intravenous injection of tracer quantities of I'*'-labeled Triac in nor- 
mal patients. Each curve represents observations in a single subject. 


Injection Solution 


Fig. 2. Chromatography of serum fol- 
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strated to be a glucuroconjugate of Triac, and will be described subse- 
quently. 

The preponderance of inorganic iodide in sera obtained after the first 
hour was confirmed in 2 patients by TCA-precipitation. In both, TCA- 
precipitable radioactivity declined to 30 per cent of the total within two 
hours, and then rose gradually to 50 per cent of total radioactivity by sixty 
hours (Fig. 3). Thus, the disappearance of iodinated organic moieties from 


PLASM A Potient JL. 


Dose/L. ) Jotal 
100: o—o 7CA-Precipitable I 


0 20 40 60 80 100 
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Fig. 3. Total and trichloracetic acid-precipitable [' in the serum after 
administration of labeled Triac. 


serum during the first two hours was even more rapid than measurements 
of total radioactivity indicated, but thereafter, total and TCA-precipitable 
radioactivity declined at about the same rate. 

Due to the presence in serum of the multip!e radioiodinated components 
seem on chromatograms, the true rate of disappearance and distribution 
space of unchanged Triac could not be determined accurately from data on 
either total or protein-bound radioactivity in serum. On the other hand, 
quantities of unchanged Triac were so low as to preclude accurate meas- 
urement, following chromatographic separation. Thus, it can only be con- 
cluded that Triac rapidly disappeared from the serum into a large distribu- 
tion space. 

Radioactive iodine appeared promptly in the urine after the administra- 
tion of labeled Triac. Figure 1 shows the cumulative urinary excretion of 
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I’! in the 5 patients from whom adequate collections could be made. Ex- 
cretory curves were almost identical, with approximately 50 per cent of 
administered radioactivity excreted in twenty hours, and 60 per cent 
within two days. The ultimate urinary excretion was estimated to be 75 
per cent of the administered dose. However, precise calculation of this 
value, by methods previously described (4), was not possible in view of the 
uncertain concentration of Triac in the plasma. 

Urinary I'*! was composed mainly of inorganic iodide. A representative 
series of BDA chromatograms of urine from one patient (H.T.) is shown in 
Figure 4. The two-hour sample showed a marked predominance of iodide, 


7-9'% Hours 


9% -10 Hours 10-14 Hours 


Fig. 4. Chromatography of urine following administration of I'*'-labeled Triac. Butanol 
extracts chromatographed in butanol-dioxane-2N ammonia (4:1:5). Patient H.T. 


although several other products could be seen—a substance migrating near, 
but probably distinct from Triac, and compounds migrating less rapidly 
than iodide, probably conjugates. In the three later samples, the only defi- 
nite peak, other than that of inorganic iodide, was that of the slow-moving 
conjugate. In other patients, small amounts of unchanged Triac were seen 
in very early urine specimens, and several showed a distinct peak between 
iodide and Triac in both BDA and TAA solvent systems. The latter peak, 
seen also in serum (Fig. 2) and in bile (Fig. 6), corresponds in mobility to 
the sulfoconjugated product of Triac seen during the in vitro metabolism of 
Triac by rat kidney slices (26). 

No attempt was made to measure radioactivity in the stools; however, 
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on the basis of the recovery from urine, about 25 per cent must ultimately 
have been excreted in the stools. 

To determine if pharmacologic doses of Triac are metabolized in the 
same manner as tracer doses, a second study was performed in Patient J.L., 
adding 2 mg. of stable Triac to the labeled material. During the two studies, 
no significant differences in the rate of disappearance from serum of either 
total or protein-bound [!*!, or in the rate of urinary excretion of radioiodine, 
could be discerned. 

External body counting, performed in 4 patients in the early period after 
injection of Triac, revealed far more radioactivity over the hepatic area 


% Dose /L. 


Fig. 5. Radioactivity in bile and serum 
following administration of I *!-labeled 
Triac. Note logarithmic scale on vertical 
axis. Patient J.C. 


10 20 30 50 
TIME (Hours) 


than over the cardiac area. This apparent concentration of activity in the 
liver led to the study of 4 patients with partial external biliary drainage. 
These subjects all showed a slower disappearance of radioactivity from 
serum than did the subjects discussed previously, possibly as a result of 
hepatic dysfunction. However, even in these patients, there was a remark- 
able concentration of radioactivity in the bile. In Figure 5 a comparison is 
made, on a logarithmic scale, of the concentrations of total radioactivity in 
successive samples of bile and serum from one patient (J.C.) in whom the 
concentration of radioiodine in bile collected between four and eight hours 
after injection reached 209 per cent of administered dose per liter, while 
the concentration of I'*! in serum at four hours was only 6 per cent of the 
administered dose per liter. In the other 3 subjects, maximal concentra- 
tions of 115, 67 and 68 per cent of the administered dose per liter were 
achieved.° 

Chromatographic studies of bile were performed only in specimens ob- 


5 More precise quantitative treatment of these data in terms such as biliary clearance, 
or bile: plasma ratios did not seem justified, since the fistulas were incomplete, the delay 
in transit time through the bile ducts and T-tube was unknown, and there were multiple 
radioactive components in both serum and bile. 
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tained during the first six to eight hours after injection. Within this time 
period, inorganic iodide comprised only a small proportion of biliary radio- 
activity. Unchanged Triac was present only during the first four hours, 
after which other radioiodinated components were present. Aside from 
Triac, the bile contained 2 compounds which migrated less rapidly than 
iodide, and 1 which migrated between iodide and Triac in the BDA solvent 
system (Fig. 6). The last of these may be a sulfoconjugate, as mentioned 
previousiy. Of the 2 remaining unknowns, the one present in greater pro- 
portion was eluted and incubated with beta-glucuronidase. As shown in 
Figure 6, control incubation had no effect on migration in the BDA solvent 
system, but incubation with the enzyme restored the chromatographic 
migration to that of Triac. Thus, it is likely that the eluted compound was 
a glucuronide of Triac. 


Metabolism of Tetrac 

Five euthyroid patients received labeled Tetrac. In 3 of these, electro- 
phoretic studies of serum showed normal binding capacities of TBG and 
TBPA for thyroxine. The initial rate of disappearance of radioactivity from 
serum was much slower than that which followed administration of Triac, 
and after about twenty hours an apparent single exponential disappear- 


BETA-GLUCURONIDASE HYDROLYSIS OF "x" 


Hydrolyzed 


Control 


Fig. 6. Chromatography of bile after administration of I'*!-labeled Triac; enzymatic 
hydrolysis of unknown compound in bile. The radioautograph of a chromatogram of a 
butanol extract of bile is shown at the top. Samples from Patient E..F., chromatographed 
in butanol-dioxane-2N ammonia (4:1:5). Radioactivity at solvent front is considered 
an artifact of butanol extraction, cf. text. Unknown compound ‘‘X,” eluted and aliquots 
incubated with and without beta-glucuronidase. 
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Fig. 7. Disappearance from serum and cumulative urinary excretion of radioactive 
iodine after single intravenous injection of tracer quantities of I'*-labeled Tetrac in 


normal patients. Each curve represents observations in a single subject. Dotted line 
depicts findings in a patient (R.R.) with diffuse toxic goiter, untreated. 


ance rate was achieved (Fig. 7). Half-times of total radioactivity during 
the latter phase averaged 3.3 days (range, 2-4). Volumes of distribution, 
estimated by methods previously described (4), averaged 12 liters (range, 
9-15). 

Chromatographic analysis of radioactivity was possible in samples of 
serum drawn up to twenty-two hours after injection. During this period, 
Tetrac comprised the greater part of the radioactivity (Fig. 8). In samples 
of serum from one patient at twenty-two, thirty-six and sixty hours after 
injection, 76 to 83 per cent of the radioactivity was TCA-precipitable. 

Radioactivity appeared in the urine more slowly after administration of 
Tetrac than after administration of Triac (Fig. 7). Calculated values for 
the ultimate urinary excretion averaged 67 per cent (range, 59-72 per cent) 
of the administered radioactivity. It is assumed that the remainder was 
ultimately excreted in the stool. 

Chromatography of urine samples revealed that inorganic iodide was the 
major excretory product; Tetrac was also present (Fig. 8). In one of the 
patients, small amounts of material migrating less rapidly than iodide in 
BDA and TAA were seen in both blood and urine. 

In 4 patients, external body counting was performed, and the radioac- 
tivity was approximately equal over the hepatic and cardiac areas. 
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One thyrotoxic patient was studied. In this patient’s serum, the thyrox- 
ine-binding capacity of TBG was normal, but that of TBPA was somewhat 
diminished. The rate of disappearance of radioactivity from this patient’s 
serum was more rapid than that in the euthyroid subjects, with a half-time 
after equilibration of 1.8 days (see dotted line, Fig. 7). 

Two patients with T-tube biliary drainage were also studied. The maxi- 
mal concentration of radioactivity in the bile was 21 per cent of the admin- 
istered dose per liter—lower than the concentrations achieved after 
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Fig. 8. Chromatography of butanol extracts of serum and urine after 
administration of I'*!-labeled Tetrac. Patient J.K. 


administration of Triac. In one of the two subjects (L.O.), studies were 
performed with both Triac and Tetrac. Triac was given first, and the con- 
centration of radioactivity in the bile reached a maximum of 68 per cent of 
the administered dose per liter. However, when Tetrac was given, the 
maximal concentration achieved in comparable samples of bile was 20 per 
cent of the administered dose per liter. 

Chromatography of bile samples in BDA showed Tetrac, iodide and a 
slowly-migrating unidentified compound. This last compound was prob- 
ably a conjugate, but was not present in sufficient quantity to permit 
enzymatic hydrolysis. 
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DISCUSSION 

From the present studies, several conclusions regarding the metabolism 
of Triac and Tetrac can be drawn. Triac disappears from the serum with 
great rapidity, and conjugation appears to play an important part in its 
metabolism. Conjugates of Triac appear in the plasma, and their presence 
makes difficult the quantitative assessment of the rate of disappearance 
and volume of distribution of unconjugated Triac. Circulating conjugates 
may contribute to those found in the urine, or the latter may arise from 
conjugation within the kidney itself. Triac is concentrated by the liver and 
excreted in high concentration in the bile, in both free and conjugated 
forms. The degree to which these compounds in bile are normally reab- 
sorbed is uncertain, since, in the present studies, total biliary excretion was 
not determined. However, most of the I'*! administered in Triac rapidly 
appears in the urine as inorganic iodide, implying that deiodination is the 
major ultimate pathway in Triac metabolism. 

The rate of disappearance of TCA-precipitable I'*! after administration 
of labeled Triac (t/2, less than 1 day) is more rapid than the reported rate 
of fall in serum PBI concentration after intravenous administration of 
stable Triac to athyreotic patients (t/2, 2-3 days) (16). However, myxedem- 
atous patients have a slower peripheral turnover of thyroxine than do 
euthyroid subjects (5, 6), and may similarly metabolize Triac more slowly. 

Tetrac disappears from serum more slowly than Triac, although its rate 
of disappearance is more rapid than that reported for T, (3, 4) and is almost 
as rapid as that reported for T; (2, 3). Its volume of distribution is similar 
to that of T, (4). Conjugation is less rapidly effected during the metabolism 
of Tetrac than during that of Triac, and Tetrac is not so highly concen- 
trated in bile. However, the ultimate fecal excretion of Tetrac equals or 
-exceeds that of Triac. Like Triac, the greater part of Tetrac is ultimately 
deiodinated, with excretion of inorganic iodide in the urine. 

Studies of this type in humans are always beset with difficulties. The 
limitations on the permissible amounts of radioactivity do not allow one 
to continue observations beyond a few days when dealing with compounds 
such as Triac and Tetrac, which prove to be rapidly metabolized. In addi- 
tion, it is impossible in man to make direct observations on the distribution 
of these compounds in specific organs, or on the nature of the metabolites 
which may be contained therein. Consequently, the role that tissue locali- 
zation plays in the unusual effects of these compounds cannot be readily 
assessed. However, it is evident that such studies in man do give impertant 
information that cannot be obtained from studies in laboratory animals, 
since there are distinct species differences both in protein-binding and in 
other features of hormonal metabolism. In the rat, for example, each acetic- 
acid derivative disappears from serum more slowly than its parent com- 
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pound (21), and is more slowly deiodinated (19). On the basis of the studies 
in rats, it could be concluded that the relative metabolic ineffectiveness of 
Tetrac and Triac might be related to their slower entry into cells. However, 
on the basis of the present studies in human subjects, an almost opposite 
conclusion might be drawn—that their ineffectiveness was the result of 
their more rapid cellular penetration and degradation. The fact may be 
that the peculiar effects of the derivatives are due in whole or in part to 
their specific interactions with cellular enzymes, rather than to character- 
istics of their metabolic fate. 

The major stimulus to the present studies, however, was the hope that 
protein-binding of the deaminated derivatives, which have a peculiar 
affinity for TBPA, could be correlated with the characteristics of their 
peripheral metabolism, and that such correlations might amplify or modify 
current theory regarding the relation of hormonal binding to hormonal 
metabolism. This theory suggests that the proportion of hormone present 
in extracellular fluids in the free or unbound state is a major determinant 
of its fractional rate of uptake by cells, and ultimately of its fractional rate 
of disappearance from the plasma. The proportion of unbound hormone, 
in turn, is the resultant of the simultaneous interaction of the hormone 
with all of its extracellular binding proteins, and thus is determined by the 
total concentration of binding sites, their individual affinities for the hor- 
mone, and the concentration of the hormone itself (cf. reviews, references 
11-13). To facilitate discussion, the net efficiency of protein-binding, as 
reflected in the proportion of hormone present in the bound state, will be 
referred to as “overall binding.”’ 

Data are available concerning the overall binding of Tetrac, Triac and 
their parent hormones. Christensen has compared the overall binding of 
these compounds by determining the rate at which labeled tracer amounts 
of each equilibrate across a dialysis membrane separating two aliquots of 
normal human serum (27). The relative proportions of free hormone, deter- 
mined by this method, correlate well with another index of overall binding, 
the proportion of hormone taken up by red blood cells from human plasma 
in vitro. The findings by both methods are recorded in Table 3, which also 
summarizes data from electrophoretic studies (Tris-maleate buffer, pH 8.6) 
on the relative avidities of each compound for TBG and TBPA. It is ap- 
parent that failure to bind to TBG does not preclude a high degree of over- 
all binding; among these compounds, Tetrac shows the greatest overall 
binding, and this probably is due chiefly to its firm bond to TBPA. The 
greater affinity of TBPA for Tetrac than for Triac, and the greater affinity 
of TBG for T, than for T;, correlate well with the observation that the 
overall binding of the tetraiodinated compounds is greater than that of 
their triiodinated analogues. The finding that Tetrac disappeared from 
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plasma less rapidly than Triac was therefore not unexpected. However, in 
terms of overall binding, Tetrac is more firmly bound than T,, and Triac 
more firmly than T;. It might therefore have been expected that Tetrac 
would disappear less rapidly than Ty, and Triac less rapidly than T;, but 
such was not the case. 

Several factors might explain this unexpectedly rapid disappearance of 
Tetrac and Triac. First, the overall binding by serum proteins, in vitro, may 
not accurately reflect the actual proportion of free compound at cell sur- 
faces. For example, a lower pH near actively metabolizing cells may affect 
binding so as to favor cellular uptake of the derivatives more than the up- 
take of the parent compounds. A selective effect of pH on specific binding 
interactions has been shown for T,; its bond to TBPA and possibly to 
albumin is more sensitive to changes in pH than is its bond to TBG (13). 
Second, tissue cells may bind the derivatives more avidly than they bind 


TABLE 3. COMPARISONS OF in vivO METABOLISM AND in vilro PROTEIN-BINDING OF 
L-THYROXINE, L-3,5,3’-TRIIODOTHYRONINE AND THEIR ACETIC ACID DERIVATIVES* 


In vitro binding in plasma or serum 


i t te 
Compound cell Specifie binding (15)f 
(days) (27) (27) 


(%) TBG TBPA 


(%/24 hrs.) 

L-Thyroxine 6-8 (3,4) 0.50 5.3 ++++ +4+4+ 
L-3,5,3'-Triiodo- 

thyronine 2-3 (2,3) 6.00 (very high)t ++ 0 
Tetraiodothyro- 

acetic acid 2-4 0.05 0.6 0 +++++ 
3,5,3’-Triiodothyro- 

acetic acid <i 1.16 8.3 0 ++ 


* Numbers in parentheses indicate reference numbers of the source from which the data 


cited were obtained. 
+ Based on electrophoretic and dialysis data presented in the reference cited. The number 


of plus signs indicates binding avidity, and is not precisely proportional to the intensity of the 
bond, but is employed to indicate the rank order of binding intensity. 
t Absolute values not presented in reference cited. 


T, and T;, thus overcoming the firmer binding of the derivatives to serum 
proteins. The erythrocyte, although it binds the derivatives in a way that 
does seem to reflect the proportion of free hormone in plasma (Table 3), 
may not be typical of other tissues. 

Third, the rates of cellular degradation and conjugation of Tetrae and 
Triac in human tissues may be much more rapid than those of T, and T;, 
and may overshadow any rate-limitations imposed by protein-binding 
phenomena. Although dehalogenase systems from laboratory animals, 
including the rat, have generally been less active toward these derivatives 
than toward the parent hormones (28), this is accompanied, in the rat, by a 
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slower rate of disappearance from serum for the derivatives than for their 
respective parent hormones (21). 

Finally, it is possible that TBPA serves as a vehicle for transporting into 
cells those compounds with which it is associated, much as iron-binding 
globulin specifically transports iron into reticulocytes (29). 

These factors afford a means of accommodating the present discordant 
observations within the general theory that overall binding is an important 
determinant of the rate of hormonal metabolism. It is apparent that the 
same factors also complicate the interpretation of previous observations 
which are consistent with the theory (12). Phases of hormonal metabolism 
subsequent to extracellular binding are difficult to evaluate by present 
techniques, especially in human material. Only when information concern- 
ing these factors is complete will observations of in vivo metabolism provide 
conclusive evidence concerning the role of extracellular binding interactions 
in regulating hormonal metabolism, 
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ABSTRACT 


The 24-hour thyroidal uptake of radioiodine (I'*') was determined in 
control subjects and hyperthyroid patients before and after administration 
of either 500 mg. of thiourea or 4 Gm. of potassium thiocyanate. Thiourea 
abolished I'*' uptake in 21 normal controls and in 2 patients with nontoxic 
goiter, whereas the mean uptake value in the hyperthyroid group (8 patients) 
was above 20 per cent. Potassium thiocyanate reduced the uptake values below 
10 per cent in 18 euthyroid controls and 7 patients with nontoxic goiter, whereas 
in 15 hyperthyroid patients the values were significantly higher. The in- 
hibitory effect of thiocyanate appeared to vary directly with the serum con- 
centration of the ion in both the hyperthyroid and control groups. This dif- 
ference in response to thiocyanate or thiourea may be a useful means to dis- 
tinguish between normal subjects and patients with hyperthyroidism. 


REVIOUS studies in man have shown that the thyrotropin-stimu- 
lated thyroid gland may incorporate radioiodine after the administra- 
tion of inhibitory amounts of thiocyanate (1) or thiourea (2). In view of 
these findings, it seemed worth while to study the effect of thyro-inhibitory 
substances upon thyroid function in thyroid disease. The effect of stand- 
ardized amounts of thiourea and potassium thiocyanate upon the uptake of 
radioiodine (I'*!) by the thyroid gland was determined in normal subjects 
and in hyperthyroid patients. The results of these studies indicated that 
thyroidal I'*! uptake in the normal subjects was almost completely abol- 
ished, whereas in the hyperthyroid subjects the glands continued to take 
up appreciable amounts of radioiodine. 
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MATERIALS AND METHODS 
Potassium thiocyanate 


Following 24-hour baseline I uptake determinations, 18 normal controls, 15 pa- 
tients with unequivocal hyperthyroidism, and 7 patients with nontoxic goiter received 
a single 3-Gm. oral dose of enteric-coated potassium thiocyanate.! Twenty-four hours 
later a second dose (1 Gm.) was given along with a tracer dose of carrier-free radioiodine? 
(I*!) and the thyroidal I'*! uptake was measured on the following day. The technique for 
measuring both the baseline and the repeated I'* uptakes has been outlined in a pre- 
vious publication (1). The concentration of thiocyanate in the serum was determined 
by means of a standardized spectrophotometric method (3). 


Thiourea 

The thiourea was made up in gelatin capsules and given in a single 500-mg. oral dose 
to 21 euthyroid controls, 8 patients with previously untreated thyrotoxicosis and 2 
patients with nontoxic goiter. The tracer ['*! was administered three to four hours fol- 
lowing the thiourea, and the uptake was measured twenty-four hours from the time that 
the thiourea had been ingested. On several occasions a dose of 300 mg. of potassium 
perchlorate was given at the time of the uptake determination in order to confirm the 
fact that the radioiodine within the thyroid gland was organically bound. 


RESULTS 
Potassium thiocyanate 


The response of the hyperthyroid group to potassium thiocyanate was 
distinctly different from that of the control groups (Fig. 1). Both the 
euthyroid subjects and patients with nontoxic goiter exhibited mean 
thyroidal radioiodine (RAI) uptake values which were below 10 per cent, 
whereas the mean value for the hyperthyroid group was above 20 per cent. 
There were no discernible differences between the values for some of the 
subjects in the control group and those for the hyperthyroid group after 
thiocyanate. In order to determine whether or not the overlapping of values 
might be related to variations in serum thiocyanate concentrations, blood 
was collected from some of the subjects twenty-four hours after the ad- 
ministration of potassium thiocyanate. Analysis of the sera revealed that 
there was a marked variability in serum thiocyanate concentration among 
the euthyroid and the hyperthyroid patients (Fig. 2). When the thyroidal 
I'5! uptake values were plotted against the serum thiocyanate concentra- 
tions (Fig. 3), it became apparent that in each group the inhibitory effect 
of thiocyanate varied directly with the level of the ion in the serum. 


Thiourea 


The results shown in Figure 4 indicate that a single 500-mg. dose of 
thiourea virtually abolished the 24-hour I'*! uptake in the normal controls 


1 Potassium Thiocyanate Enseals (0.2-Gm. tablets), Eli Lilly and Co.. Indianapolis. 
2 Abbott Laboratories, Oak Ridge, Tenn. 
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Fic. 1. Response to potassium thiocyanate. The 24-hour thyroidal radioiodine (RAI) 
uptake values before and after 4 Gm. of potassium thiocyanate are shown for each 
group of subjects. Each circle represents the 24-hour RAI value for a single subject. 
The baseline RAI values are listed in the left half of each column under the respective 

headings. 


and in the patients with nontoxic goiter (not shown), whereas the mean 
uptake value in the hyperthyroid group was above 20 per cent. 


DISCUSSION 


Earlier studies in normal subjects had shown that the 24-hour uptake of 
radioiodine by the thyroid gland was almost completely inhibited at serum 
thiocyanate concentrations above 5 mg. per 100 ml. (1) and that a 500-mg. 
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oral dose of thiourea abolished normal thyroid function (2, 4). The study 
described here indicates that the hyperthyroid gland was able to incorpo- 
rate significant amounts of radioiodine in spite of the administration of 
potassium thiocyanate or thiourea. Although the thyro-inhibitory ma- 
terials succeeded in impairing the function of the hyperthyroid gland, they 
were unable to abolish it completely. A similar pattern of thyroidal behav- 


e@EUTHYROID SUBJECTS 
© HYPERTHYROID SUBJECTS 


6 7 8 
SCN MG/100 ML 


Fig. 3. Effect of thiocyanate upon the 24-hour thyroidal radioiodine uptake. Each solid 
black dot represents the RAI uptake (vertical axis) in a control subject with a particular 
serum level of thiocyanate (horizontal axis). Each circle represents the RAI uptake in a 
hyperthyroid patient. 


ior had been noted previously in the normal subjects treated with thyro- 
tropin before receiving thiourea or thiocyanate. Neither the latter observa- 
tions nor those reported here can be fully explained by the available data. 
However, in guinea pigs receiving thyrotropin, both thiocyanate-S® and 
thiourea-S* were degraded more rapidly than they were in control animals 
(5, 6). These observations suggest that the hyperfunctioning thyroid gland 
may metabolize the thyro-inhibitory materials at an accelerated rate. 
Hence, in the case of the hyperthyroid patient or in the thyrotropin-treated 
normal subject, an augmented rate of degradation of thiourea and thio- 
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cyanate might conceivably reduce the effective intracellular concentration 
of these materials, thereby permitting some degree of thyroid function. 
Other factors may also affect the response of the hyperthyroid gland to 
thiourea or thiocyanate, 7.e., the rapid turnover of iodine in the hyper- 
functioning thyroid gland may compensate for the reduction in function 
induced by the inhibitory materials. 
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Via. 4. Response to thiourea. The 24-hour thyroidal RAI uptake values before and after 
a single 500-mg. dose of thiourea are shown for the control and hyperthyroid groups. 
Each circle represents the value for a single subject. The solid black dots shown at the 
bottom right-hand half of the ‘‘Controls” column designate the subjects in whom base- 
line RAI uptake determinations were not made. 


It is of interest that some of the differences in I'*! uptake values between 
the euthyroid and the hyperthyroid groups following administration of 
thiocyanate were not as distinct as they were with thiourea. In view of the 
variations in serum thiocyanate concentration following the 4-Gm. dose 
of potassium thiocyanate, it seems reasonable to believe that overlap- 
ping of the thyroidal I'*! uptake values in some instances might be at- 
tributed to an inability to achieve or maintain uniform serum levels of the 
ion. The reasons for the inconsistent serum thiocyanate levels are not clear, 
but several possibilities may be considered, among which are: 1) differences 
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in the rate and quantity of potassium thiocyanate absorbed from the gastro- 
intestinal tract; 2) differences in the rates of metabolism of thiocyanate 
ion; 3) differences in the volume of distribution of thiocyanate ion; and 4) 
differences in the renal clearance of the thiocyanate ion. Apparently the 
thiocyanate ion disappears more slowly from the serum of hypothyroid 
patients and more rapidly from the serum of hyperthyroid patients than it 
does from the serum of normal subjects (unpublished data). 

It is noteworthy that some of the patients were less affected by thiourea 
than were others. This observation may have some clinical significance with 
regard to treatment with antithyroid drugs. It is conceivable that the 
uptake of radioiodine by the thyroid gland in some hyperthyroid patients 
receiving antithyroid compounds may be related to the differences in the 
rates of intrathyroidal degradation of these substances (7); presumably, 
the more quickly the antithyroid substances are metabolized, the shorter 
their duration of action within the thyroid gland. 
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IODINE FOLLOWING ADMINISTRATION OF 
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ABSTRACT 


Following the oral administration of I'*-labeled hog thyroglobulin to 3 
healthy human subjects, the labeled products found in the blood were only in 
part thyroxine. The other labeled substances were not identified, but they were 
neither iodoaminoacids nor their degradation products. The clinical implication 
of these findings is discussed. 


LTHOUGH thyroxine is the normal product of the thyroid gland found 

in the blood (1-7) it is not established that thyroxine is the major 
component of the serum protein-bound iodine (PBI) during oral adminis- 
tration of desiccated thyroid. Albert and associates (8) fed labeled thyro- 
globulin to humans in order to observe the rate of absorption and the dis- 
position of the labeling I'*', but qualitative observations on the nature of 
the products in blood following administration of thyroglobulin have not 
been reported. This study was undertaken to ascertain whether organic 
iodinated substances other than thyroxine may contribute to the serum 
PBI under these circumstances. Chromatography and electrophoresis 
demonstrated that thyroxine is only one of several substances comprising 
the PBI following oral administration of I'*!-labeled hog thyroglobulin. 


CLINICAL MATERIAL AND METHODS 


Subjects 

Two adult women and 1 man were studied; all were under 35 years of age. They were 
in good health, and their serum PBI values were normal. 

The subjects were given 5 drops of saturated solution of potassium iodide daily for 
three days prior to each study iti order to block recirculation of iodide. They were then 
given the I'*!-labeled test substance (hog thyroglobulin or thyroxine) in physiologic so- 
dium chloride solution. Immediately following the administration of the labeled sub- 
stance, each subject was given 15 mg. of desiccated thyroid in a tablet. The desiccated 
thyroid was given simply as a carrier substance in order to assure that each subject re- 
ceived a significant amount of thyroxine. At the time that the labeled thyroglobulin 
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was prepared, the iodine content was not known. Both iodine and protein content were 
measured after the patient had received the determined amount. of radioactivity. 
Twenty-four hours following the administration of labeled material, approximately 50 
ml. of blood was withdrawn. Serum was prepared and frozen prior to study. 

Two studies were carried out on 2 subjects, and only 1 study was performed on the 
third. All 3 subjects received I'*-labeled thyroglobulin first. Six weeks later, 2 subjects 
received I'3!-labeled thyroxine by mouth. 


Methods 


Labeled thyroxine. Exchange labeled thyroxine was purchased from Abbott Labora- 
tories, Oak Ridge, Tennessee. The 50 per cent propylene-glycol solution in which it was 
supplied, containing 20 we. of ['*!, was diluted to 50 ml. in physiologic sodium chloride 
solution; this contained only a trace of thyroxine. The subject drank the entire 50 ml. 
No carrier thyroxine was added. 

Labeled hog thyroglobulin. A 25-pound pig was given 5 me. of sodium iodide! subcu- 
taneously four days prior to killing it by a blow on the head. The thyroid was removed 
and I'%-labeled thyroglobulin was prepared by fractionation of the soluble protein in 
ammonium sulfate (9). Following the final precipitation at 42 per cent saturation with 
ammonium sulfate, the protein was dissolved in 24 ml. of physiologic saline and centri- 
fuged at 105,000 g for three hours at 4° C. More than 90 per cent of the radioactivity 
was recovered in the sediment by this procedure. The sedimented protein was then dis- 
solved in 50 ml. of physiologic saline. It migrated electrophoretically as a homogeneous 
protein with the characteristics of thyroglobulin. The concentrations of protein (10), 
iodine (11) and radioactivity were determined; the latter was measured by comparing 
the counting rate in an aliquot of the prepared 50-ml. solution with the counting rate in 
a mock iodine gamma standard equivalent to .04 ue. of I. The amount of solution 
containing 50 ye. of I'*! was determined and was administered as previously noted. The 
specific activity of the I*-labeled hog thyroglobulin was 6.7 me. I'*!/mg. I'?7/335 mg. 
protein. The total iodine given in labeled thyroglobulin was 7.5 wg. The total protein- 
incorporated iodine given was approximately 37 ug. 

Resin chromatography and protein precipitable iodine. Methods of resin chromatogra- 
phy and trichloracetic acid (TCA) precipitation of labeled substances in serum have been 
previously described (7). 

Electrophoresis of serum proteins. On wide glass plates measuring 16X12 inches, a 
piece of Whatman #3 Mm paper was soaked in veronal buffer at pH 8.6, ionic strength 
0.10. Along a 10-inch line 3 inches from the center of the paper, 0.5 ml. of serum was 
distributed. Following equilibration, the circuit was closed at 120 volts for fifteen to 
eighteen hours at room temperature. The papers were dried and inspected under ultra- 
violet light for straightness of the albumin front. If this was straight, strips were cut 
from the upper and lower margins of the paper and stained with bromphenol blue. The 
remaining large, center portion of the sheet was then cut into 24 half-inch strips from the 
cathodal margin of the paper to the anodal end. These strips were folded and counted 
in a well-type scintillation counter at the .360 Mev peak of I'*'. Since all strips were of 
the same size, the counts per minute (less background) in each strip were plotted simply 
as a function of the strip without further interpolation. The stained upper and lower 
strips were also marked in half-inch segments from the cathodal to the anodal margin of 
the paper. The amount of radioactivity localized to corresponding stained protein spots 
on the papers was calculated. The protein areas localized by staining were gamma globu- 
lin, alpha; and alphaz globulin, albumin, and the areas between these spots. 
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TABLE 1. CoMPARISON OF I1'3!-LABELED IODINE COMPOUNDS IN SERUM THAT WERE PROTEIN 
PRECIPITABLE AND RECOVERABLE BY RESIN CHROMATOGRAPHY FOLLOWING 
ORAL ADMINISTRATION OF LABELED THYROXINE 
In both instances the amount of serum used for chromatography was 5 ml. Therefore 
the number of counts recovered by chromatography was five times greater than indicated. 
(T;+T,) I'* represents I'*! localized by resin chromatography to fractions in which tri- and 
tetra-iodothyronines are characteristically eluted. 


TCA* [31 (Ts+T.) 
Subject epm/ml. serum epm/ml. serum 


257 
211 


274 
222 


* Precipitable with trichloroacetic acid. 


RESULTS 


Thyroxine 

Following the oral administration of labeled thyroxine the only iodinated 
organic substances which appeared in the blood, as identified by chromatog- 
raphy, were labeled thyroxine and 3:5:3 -triiodothyronine. The recovery 
of TCA-precipitable iodine as I'*!-labeled iodothyronines was quantitative 
in the 2 subjects studied. The data are presented in Table 1 and Figure 1. 
When these sera were subjected to electrophoresis, the labeled substance 
was almost entirely localized in the inter-alpha globulin (Fig. 2). 
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Fig. 1. I'*! recovered as iodothyronines during resin chromatography of 
serum foilowing oral administration of labeled thyroxine. 
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Fig. 2. Amount of I"*! recovered in vari- 
ous paper strips of a serum electrophoretic oma” 
analysis following the administration of PER 
labeled thyroxine. 10 MIN. 3904 

The areas of the paper in which various 
protein fractions were localized by staining 
are indicated by labeled bars below the 
main graph. 
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Hog thyroglobulin 


Following the oral administration of labeled hog thyroglobulin, labeled 
thyroxine was only one of several constituents which appeared in the blood. 
The proportion of TCA-precipitable iodine recoverable as iodothyronines 
varied from 39 to 70 per cent, as shown in Table 2. Protein precipitable 
substances other than iodothyronines were therefore also present in the 
blood. Such substances were not recoverable by resin chromatography. 

In Figure 3 are shown schematic representations of the electrophoreses 
of sera foilowing administration of hog thyroglobulin. The inter-alpha 
globulin, which normally contains virtually all of the thyroxine (12), con- 
tains only a fraction of the total label. This is not due to overloading of the 
serum with thyroxine and spill-over into the other proteins, since labeled 
thyroxine when fed with the same amount of desiccated thyroid was 

TABLE 2, COMPARISON OF ['*!-LABELED IODINE COMPOUNDS IN SERUM THAT WERE 


PROTEIN PRECIPITABLE AND RECOVERABLE BY RESIN CHROMATOGRAPHY FOLLOWING 
ORAL ADMINISTRATION OF LABELED THYROGLOBULIN 


(See legend to Table 1 for corresponding details.) 


TCA [}3!—(T;+T,) = 
which is not iodothyronine 
epm/ml. 

cepm/ml. epm/ml. | 


Subject 


185 130 55 
253 136 | 117 
201 78 | 123 


* Precipitable with trichloroacetic acid. 


| 
P. Bo. 30 2 
A. Gr. 46 
EE. Jo. | | 61 
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localized in the inter-alpha globulin (Fig. 2). The additional amount of 
thyroxine given in the labeled thyroglobulin was less than 3 yg.' 

The largest amount of labeled material localized in one spot, other than 
that localized in the inter-alpha area, was found in an area ahead of the 
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Fig. 3. Graphs of the type shown in Figure 2, except that serum was obtained 
following the oral administration of thyroglobulin. 


gamma-globulin toward the cathode. In 2 of the subjects (A. Gr. and 
H. Jo.) this was apparently the major iodinated substance detected in the 
serum by electrophoresis. In the sera of all 3 subjects there was a smal! 
amount of labeled material about the origin, in the albumin fraction and 
ahead of the albumin fraction toward the anode. 


DISCUSSION 


The two types of organic iodinated compound found in the blood o° 
normal subjects twenty-four hours following the administration of a single 
dose of I'*!-labeled thyroglobulin were: 


1. Thyroxine isolated in characteristic fractions during chromatograph: 


1 The amount of thyroxine in the desiccated thyroid was estimated to be 30 per cen 
of the organic iodine measured. 
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and in the inter-alpha globulin during electrophoresis. 

. Unidentified iodinated substances which migrate with serum proteins 
other than the inter-alpha globulin during electrophoresis and which 
are not recoverable in any portion of the eluate of the chromatog- 
raphy system used. 


Thyroxine itself does not give rise to any non-thyroxine products in the 
blood, other than a small amount of 3:5:3’-triiodothyronine. The non- 
thyroxine products found following the administration of labeled hog thyro- 
globulin are not iodotyrosines, iodothyronines or iodohistidines, since these 
may be differentiated by the chromatographic technique used. These un- 
usual substances are not derived from thyroxine; they are not simple iodo- 
aminoacids; yet they probably are hydrolytic products of thyroglobulin. 

Since diiodotyrosine is the major iodinated constituent of thyroglobulin 
(13), there is a possibility that such unusual blood products may be degra- 
dation products of the iodotyrosines. When approximately 0.5 mg. of 
labeled diiodotyrosine is fed to a normal subject, the only labeled substance 
recovered in the blood twenty-four hours later is inorganic iodide.” This is 
in accord with the observation that parenterally administered diiodotyro- 
sine is rapidly deiodinated (14). The non-thyroxine iodinated substances 
observed here are not derived from diiodotyrosine. Because iodohistidines 
are present in the thyroid gland in only trace amounts (15), it seems un- 
likely that they are derived from this aminoacid. 

There is no further information to indicate whether these substances 
may be simple proteins, peptides or substances of another chemical nature. 

Varying amounts of thyroxine and other iodinated substances were 
present in the blood of the 3 subjects, and any particular numerical value 
for the serum PBI level might reflect different effective circulating hormonal 
levels. The variations in the quality of the PBI and in possible metabolic 
effect of each constituent make it unlikely that the PBI in persons produc- 
ing endogenous thyroid hormone can be compared to the PBI of persons 
taking desiccated thyroid orally. Endogenously produced thyroid hormone 
is almost entirely thyroxine (7). The PBI in these subjects who received 
thyroglobulin by mouth was at most only 70 per cent and at least 40 per 
cent thyroxine. Although the serum PBI level in normal and in hyper- 
thyroid subjects can be equated with the circulating level of thyroxine, the 
same correlation can obviously not be made in subjects taking desiccated 
thyroid. 

There is no apparent reason why these results following the administra- 
tion of one dose of thyroglobulin may not be applied to patients who take 


2 Because the results of this study (in a fourth patient) were negative, the details of 
the experiment are not described. 
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desiccated thyroid daily. There is no information available indicating how 
long these unidentified compounds may persist in the blood. However, 
since persons who take desiccated thyroid do so daily, any specific blood 
sample would be drawn within twenty-four hours of a preceding dose of 
thyroid. It seems likely, therefore, that similar qualitative results would be 
obtained in such patients. The possibility is being investigated that pro- 
longed daily administration of desiccated thyroid may yield different quali- 


tative results. 
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ABSTRACT 


Chlorinated and iodinated thyronine derivatives were studied for their 
effects on serum and liver cholesterol and on hypertrophy of the cardiac ven- 
tricle in the rat. Compounds characterized by higher ratios of cholesterol to 
cardiac effects were found among the derivatives with the p-configuration and 
with chlorine atoms in the 3 and 5 positions. In the rat, some compounds— 
notably 3:5-dichloro-3’ :5’-diiodo-p-thyronine (pCl.I2T) and 3:5:3’-trichloro- 
5’-iodo-p-thyronine (pCl;1T)—exerted a much greater effect on cholesterol 
metabolism than on the myocardium. DCl.I2T, 3:5:3’-trichloro-p-thyronine 
(DCIsT) and 3:5-dichloro-p-thyronine (pCl.T) were administered to 30 hyper- 
cholesterolemic men with coronary heart disease. Although pCl:I2:T produced 
no significant reduction of serum cholesterol concentration, pCl;T and pCl.T 
did; and all 3 substances caused symptoms of myocardial stimulation, usually 
angina. Therefore none of these compounds is regarded as suitable for adminis- 
tration to patients with coronary heart disease. pC);T and pCl:T produced 
striking depression of the serum protein-bound iodine level, and this effect is 
discussed. 


HE metabolic effects of many iodinated analogs of thyroxine have 

been studied in the rat, in hypothyroid patients and in euthyroid men 
with coronary heart disease. In contrast, only little attention has been 
given to other halogenated derivatives of thyroxine. Previous work (1-3) 
has shown that certain dextro-isomers, such as 3 :5-diiodo-p-thyronine and 
p-thyroxine, reduce serum and liver cholesterol levels and yet produce less 
stimulation of the myocardium than do many levo-isomers. The results of 
laboratory tests carried out in an attempt to discover drugs with relatively 
greater effects on serum and liver cholesterol levels than on the myocar- 
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dium are presented here, together with the results of clinical investigations 
in which serum cholesterol levels and thyroactivity were studied in man. 


STUDIES IN ANIMALS 


Methods and Material 
Methods 


The methods and animals used in this work were, except when otherwise indicated, 
similar to those previously described (3). Oxygen consumption rates were determined on 
a number of animals by the method of Tomich and Woollett (4). Test compounds were 
all administered by admixture with the diet, and various activities of the test compounds 
investigated were assessed by observations of the mean responses noted in groups of 
10 animals at each of a number of graded dose levels and compared with those in similar 
groups of animals receiving different doses of a ‘‘standard’”’ compound. Except when 
otherwise indicated, comparisons were made with 3:5-diiodo-p-thyronine (DT) as the 
standard compound, and the diet used was diet B (arachis), 7.e., a semi-synthetic diet 
containing added cholesterol, cholic acid, choline and arachis oil (5). 


Compounds tested 


(All compounds were administered by mixing with the diet either the compound or 
a solution of it in ethanol and 0.1N NaOH, 1/1, diluted with water.) 


3:5-Dichloro-L-thyronine LCl.T 
3:5-Dichloro-p-thyronine pCl.T 
3:5:3’-Trichloro-L-thyronine LC1;T 
3:5:3’-Trichloro-p-thyronine pCl;T 
LC],T 
3:5:3':5’-Tetrachloro-p-thyronine pCl,T 
3-Chloro-5-iodo-L-thyronine LCIIT 
3-Chloro-5-iodo-p-thyronine pCHUT 
3-Chloro-5 :3’:5’-triiodo-L-thyronine LCII3T 
3-Chloro-5 :3’ :5’-triiodo-p-thyronine pClI3T 
3:5:3’-Trichloro-5’-iodo-p-thyronine 
3:5-Dichloro-3’-iodo-p-thyronine pCl.IT 
pCl.IeT 
3:5-Diiodo-3’-chloro-p-thyronine pI,CIT 
3:5-Diiodo-3’:5’-dichloro-p-thyronine — pI.CleT 
3:5-Diiodo-p-thyronine DT» 
p-Thyroxine pT, 


The chlorinated thyronines were prepared by the methods described by Dibbo and 
associates (6). 


Results 
Chlorothyronines 


In this series of experiments the test compound and the standard com- 
pound (DT.) were administered in the diet at not less than three different 
dose levels to groups of 10 rats each. These rats were then used for evalua- 
tion of serum and liver cholesterol levels and cardiac ventricle weight after 
a fourteen-day test period. The activities of the test compounds (in terms 
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of the standard) in depressing serum and liver cholesterol concentration or 
in elevating cardiac ventricle weights, and the ratios between the choles- 
terol depressant and ventricular hypertrophy effects, are shown in Table 1. 
Each result denotes the mean values from tests in which the mean activity 
in depressing serum cholesterol concentration was determined from the 
doses of test and standard compound needed to induce levels of 200 mg. 
and 300 mg. of cholesterol per 100 ml. of serum. Liver cholesterol depres- 
sant effects were assessed from the doses needed to induce levels of 3 Gm. 
and 4 Gm. of cholesterol per 100 Gm. of liver. Ventricular hypertrophy was 
assessed from the doses needed to induce ventricle weights of 450 mg. and 
500 mg. per 100 Gm. of body weight. 


Iodo-chlorothyronines 


Tests were also carried out on a number of p-thyronine derivatives con- 
taining both chlorine and iodine, because pCl:T and pCl;T showed higher 
ratios of anti-cholesterol to cardiac effects than had previously been noted 
in any of the iodinated compounds studied, and it was hoped that the in- 
troduction of iodine into the molecule might increase activity without un- 
favorably affecting the ratio between the two effects. These investigations 
(Table 1) showed that replacement of chlorine by iodine in the p-thyronines 
increased activity, and that in most instances this increase in activity was 


TABLE 1. ACTIVITY OF COMPOUNDS IN PREVENTING A RISE OF SERUM AND LIVER 
CHOLESTEROL LEVELS AND IN CAUSING AN INCREASE OF CARDIAC VENTRICLE 
WEIGHT IN FEMALE RATS GIVEN DIET B (ARACHIS) FOR 14 DAYS, AND 
RATIOS FOR CHOLESTEROL LEVEL VERSUS VENTRICLE WEIGHT 


Activities (mg. of pT, having same P 
™ effect as 1 mg. of test compound) Ratios 
o. of 

Compound tests Serum Liver Ventricle 

cholesterol | cholesterol wt. SC/V LC/V 

(SC) (LC) (V) 

1 1.0 2.5 4. | 
LC1;T 1 O:7 — 4.5 0.15 — 
LCl,T 1 0.15 — 0.22 0.7 — 
1.2 0.5 <0.4 >3 
pCl;T 5 Zt | 2.9 1.0 2.7 2.9 
pCl,T 2 0.12 | 0.2 <0.3 >0.4 >0.7 
pCl.IT 3 6.5 9.4 20 0.32 0.47 
DCl2IoT 4 4.0 8.0 1.5 237 5.3 
pCl;1T 2 0.9 2.3 0.25 3.6 9.2 
1.0 1.0 1.0 1.0 1.0 
pI,CIT 3 1.9 3.9 11 0.17 0.35 
pI.CleT 2 0.60 0.7 <0.7 >1.0 >0.8 
DT, 4.0 4.3 0.93 1.8 
DT; 10 78 53 | 56 0.68 0.72 
LCIIT 1 0.5 0.95 waa 0.16 0.3 
pClIT 2 0.8 0.75 0.65 1.2 12 
LCII;T i 5.0 1.8 16 0.31 0.11 
pClI;T 1 4.9 1.6 3 1.60 0.53 
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more pronounced with respect to ventricular hypertrophy than cholesterol 
levels. Further, the compounds containing 3 halogen atoms were more 
active than those containing 4, and the increased action was particularly 
marked on the heart, so that the mixed trihalogen compounds usually had 
less favorable activity ratios. Of the compounds tested, pClT, pCl;T, 
pClI.T, pCl,IT and pClI;T had the highest ratios of anti-cholesterol to 
heart effects, and of these pCl.T, pCl;T and pCl.I.T were selected for 
clinical trials because they had the most favorable ratios combined with 
either relatively high potency or ease of preparation or both. 


Effects of pC1;T and pT, in thyrotdectomized rats 


Forty weanling female albino rats were used for this experiment. Thirty- 
five of these animals were surgically thyroparathyroidectomized and 5 
were subjected to only a sham operation. Seven days later, all the thy- 
roidectomized animals were each treated with 50 ue. of I'*!. Immediately 
after operation, and thereafter, the thyroidectomized animals received 0.2 
per cent calcium gluconate in the drinking water, the sham-operation 
animals being given tap water. After thyroidectomy or sham operation all 
the rats were maintained with the stock diet for fourteen days. At the end 
of this period the sham-operation rats were given diet B (arachis), and the 
thyroidectomized animals were randomly allocated to 7 groups, each of 5 
animals; these were then randomly allotted to one or other of the 7 treat- 
ment groups, which were all given diet B (arachis) with or without addi- 
tions of either pT, or pCI;T, as indicated in Table 2. The mean oxygen 
consumption rates of all groups were determined by the method of Tomich 
and Woollett (4) immediately before starting the various treatments and 
again after eight days of the test. All animals received treatment for 
twenty-seven days, to allow time for development of sudanophilic lesions 
in the cardiovascular system. They were then killed for investigation of 
serum and liver lipids, measurement of organ weights, and assessment of 
the sudan score to measure the extent of the sudanophilic lesions. The re- 
sults of these observations are summarized in Table 2. The hearts were 
preserved in formalin, so that cardiac ventricle weights here refer to 
weights of the ventricle after fixation in formalin, whereas all other organs 
were weighed fresh. Some hearts were reserved for histologic examination, 
and the ventricle weights of these could not be recorded. The results of this 
experiment (Table 2) show that both pT, and pCl;T increased the growth 
rate of thyroidectomized animals and, dependent upon the doses used, 
increased the oxygen consumption rate to levels similar to or greater than 
those of the control animals. At the same time, the weights (per 100 Gm. of 
body weight) of the kidney, liver, spleen and cardiac ventricle were in- 
creased, and the weight of the pituitary was depressed, as would be ex- 
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pected from previous observations on the effects of the natural thyroid 
hormones (7, 8). 


Comment 


The values in Table 1 show that LCl.T, LCl;T and LCl,T were more 
active in promoting ventricular hypertrophy than the corresponding p 
compounds, but members of the D series were not less active than those of 
the L series in depressing serum cholesterol levels. Thus the ratios of anti- 
cholesterol to cardiac effects were greater for the D compounds than for the 
L series. Furthermore, it may be seen that for the p series of chlorinated 
thyronines the effects on liver cholesterol closely paralleled those on serum 
cholesterol. A curious feature of these observations was the increased ac- 
tivity, in all respects studied, of both pCl.T and LClT over pCl,T and 
LCI,T respectively, whereas in the iodinated series, both LT, and pT, were 
more active than LT; and pT, (3). Both LCl;T and pCl;T were more active 
than the di- and tetra-chlorinated compounds in their effects on the heart, 
and in this way resembled the iodinated compounds LT; and DT; in rela- 
tion to the corresponding di- and tetra-iodinated compounds. DCI;T also 
had more effect on the serum cholesterol level than had either pCl.T or 
pCl,T, but LCl;T in these tests was not more active than LCl.T in this 
respect; however, this finding was based on only one experiment, so that 
further observations are required to determine whether this compound is 
significantly less active than LCI,:T. The results of the cardiac ventricle 
assays in this series of tests on DCI];T, LC1;T, pCl,T and LCT are in fair 
agreement with those obtained for pLCI;T and piCl,T by Mussett and 
Pitt-Rivers (9) in the goiter-prevention assay. The replacement of a 
chlorine atom by iodine in pCl.T and LCl.T led to an increased effect on 
the heart, as shown by the results with p and LCIIT, though this change 
did not greatly modify the depressant action on serum cholesterol concen- 
tration. Both p and LCIIT also resembled pCl:T and LCl.T in that the 
compound had the greater effect on the heart and the p compound the 
greater effect on cholesterol levels. This relation was also evident between p 
and LCII;T; here the L compound was about five times as active as the p 
compound on the heart, whereas there was little difference in their effects 
on cholesterol levels. All the chlorinated thyronines and the iodo-chloro 
derivatives studied in the present work resembled each other in that the 
ratio of anti-cholesterol effect to heart effect was greater for the p than for 
the L sevies, as shown for the p and 1 iodinated thyronines compared in 
previous work (1, 3). 

The comparisons obtained between compounds in these tests could not 
be subiected to standard statistical analysis because of the curvature and 
non-parallelism of the dose-response relationships noted with the different 
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Fic. 1. Combined comparisons of pT. 
(circles) with pCl:T (black dots) from 7 
experiments. The plus sign represents val- Fig. 2. Some effects of the administra- 
ues for the cholesterol-cholate-arachis oil tion of 3:5-dichloro-3’ :5’-diiodo-p-thyro- 
diet alone. nine to 6 hypercholesterolemic euthyroid 
men with coronary heart disease. Angina 
developed in 2 patients and atrial fibrilla- 
tion in another, when receiving 10 mg. 
daily. Hatched areas represent placebo 
treatment. 


compounds. As in the previous study (3), therefore, the mean serum cho- 
lesterol levels in the various groups of animals given the test and standard 
compound, pT», were plotted against the mean heart weights noted in the 
same groups of animals. Figure 1 summarizes the results of all available 
comparisons between DT; and pCI:T plotted in this way. The data show 
that there was no significant difference at low response levels between the 
relations of heart weight and serum cholesterol, in that both compounds 
had a pronounced effect on the serum cholesterol level with only a slight 
effect*on the heart. At higher response levels, pT, had a greater effect on 
the heart for a given depression of the serum cholesterol level than did 
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pCl.T. Similar relations were noted for pCl;T and pCl.I.T, thus confirming 
the better separation of effects noted with these compounds compared 
with pT». 

It is difficult to make generalizations as to the relation between the posi- 
tions of the halogen atoms and activity, but replacement of iodine by 
chlorine in the 3:5 positions did not necessarily lead to a fall in activity as 
measured by effects on cholesterol, though this change was followed by a 
decrease of activity measured by the cardiac ventricle test. For example, 
pCl.I.T and pCl.T had as much effect on the serum cholesterol level as had 
pT, and pT; respectively, though with much less effect on the heart. 

The action of the compounds in the fourteen-day tests summarized in 
Table 1 could conceivably be due, not to a direct thyroactive effect, but to 
some other mechanism such as release, activation or increased synthesis of 
thyroactive hormone. Although such explanations appeared unlikely, the 
tests summarized in Table 2 were carried out to determine whether the 
effects of one of the compounds, pCI;T, could be demonstrated in thy- 
roidectomized rats, and the opportunity was taken to compare the activity 
of this compound with that of pT, in the same test. 

Both pT, and pCl;T were effective in depressing serum and liver cho- 
lesterol levels, total lipid levels and the sudan score for thyroidecto- 
mized rats. Thus they displayed thyroactivity qualitatively similar to that 
rioted with L-thyroxine and 3:5:3’-triiodo-L-thyronine in other studies (3, 
10). The number of animals used in this test was not sufficient for more 
precise comparison of the effects of the two compounds, but the results 
agree with the relative potencies found as a result of the shorter tests with 
euthyroid animals (Table 1). From these observations it may be concluded 
that pT, and pCI;T are thyroactive in the same sense as the natural hor- 
mones, and that the effects consequent on their administration are not 
mediated by way of the thyroid gland or preformed thyroid hormones. 


STUDIES IN HUMAN SUBJECTS 
Methods and Material 


Three thyroactive substances, pCl,I:T, pCl;T and pCl.T, were administered to 30 
euthyroid men who had electrocardiographic evidence of old myocardial infarction or 
ischemia after exercise. None of these men sustained a myocardial infarct within the six 
months before the administration of these substances, and all were engaged in regular 
employment, although some had effort angina. They were selected from the coronary 
disease population on account of hypercholesterolemia [serum levels graded at 270 per 
100 ml., see Oliver (11)]. Before the administration of a chlorothyronine, 3 or more de- 
terminations of serum cholesterol were obtained over a ten-week period. 

The men were admitted to the hospital for two nights so that the basal metabolic 
rate (BMR) could be measured on two consecutive mornings at rest in bed; this was 
done on each of the two days immediately before, and each of the two penultimate days 
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during the administration of the compound under study. A 12-lead electrocardiogram 
was recorded before, during the middle, and at the end of every study. When these 
euthyroid men (all out-patients) attended the hospital every two weeks, they were seen 
by the same physician (M.F.O.), and on each occasion particular attention was paid 
to subjective complaints, such as angina, exertional breathlessness, tremor and anxiety. 
Unknown to themselves, but known to the physician, all patients received inert tablets 
or capsules identical in size, shape and color to the active preparation, at the beginning 
and end of each study. 

Serum cholesterol concentration was estimated by the Sperry and Webb (12) modi- 
fication of the Sperry-Schoenheimer procedure, and serum protein-bound iodine by the 
chloric-acid digestion method of Zak and Boyle (13) and Grossmann and Grossmann’s 
(14) brucine modification of the Chaney (15) ceric-sulphate technique. The thyroidal 
uptake of radioactive iodine was obtained from the neck-thigh ratio four hours after the 
oral administration of 20 we. of I'*!. The BMR was determined with a standard Benedict- 
Roth apparatus by the linear formula of Aub and Du Bois (16). 


Results 
3:5-Dichloro-3’ :5'-diiodo-p-thyronine (DCl.1.T) 

This analog was administered for twelve weeks to 6 euthyroid men with 
coronary heart disease (Fig. 2). An oral daily dose of 7.5 mg. produced a 
significant fall in the serum cholesterol level, but this was not sustained. It 
recurred, however, when the daily dose was increased to 10 mg. There was a 
striking rise in the level of serum protein-bound iodine, and at the same 
time there was a slight fall in the four-hour thyroidal I'*' uptake. The 
BMR decreased from an initial level of +9 per cent to +2 per cent. Effort 
angina developed in 2 of the 6 men, and in another subject atrial fibrilla- 
tion developed when he was receiving 10 mg. daily. The increased incidence 
of angina subsided a few days after substitution of inert tablets for the 
active compound. After administration of digitalis and withdrawal of 
pDCl.I.T, normal sinus rhythm returned in the patient who had atrial 
fibrillation. 


3:5:3'-Trichloro-p-thyronine (DCI1;T) 

This chlorothyronine was administered to 6 euthyroid men for sixteen 
weeks (Fig. 3). An oral daily dose of 20 mg. produced a significant fall in 
the serum cholesterol level, but this was not maintained despite an increase 
in dosage to 30 mg. daily. There was a gradual and significant decrease in 
the concentration of serum protein-bound iodine, but no significant altera- 
tion was observed in the four-hour thyroidal I'*! uptake. The BMR de- 
creased by 6 per cent. None of the hypercholesterolemic men with coronary 
heart disease complained of decreased effort tolerance, and in none did 
effort angina develop. 

DCI;T was then administered for twenty-two weeks to 6 more euthyroid 
men with coronary heart disease (Fig. 4). The oral daily dose ranged from 
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Fic. 3. Some effects of the administra- 
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Fig. 4. Some effects of the administra- 
tion of a large dose of 3:5:3’-trichloro-p- 
thyronine to 6 hypercholesterolemic euthy- 
roid men with coronary heart disease. 
Angina developed in one, and reduced effort 
tolerance in another, when receiving 80 mg. 
daily. Hatched areas represent placebo 
treatment. 


20 to 80 mg. The serum cholesterol level gradually fell and by the twenty- 
second week was 20 per cent lower than before treatment. The concentra- 
tion of serum protein-bound iodine gradually fell from an initial level of 4.8 
ug. per 100 ml. to 0.8 ug.; subsequently, after withdrawal of pCI;T, it 
rose steeply to a mean level of 7.3 ug. per 100 ml. No significant change 
occurred in the four-hour thyroidal I'*! uptake. The BMR increased by 19 
per cent. While the 80-mg. dosage of pCL;T was being administered, one 
man experienced a striking increase in effort angina, and another com- 
plained of unusual exertional breathlessness; both these complaints less- 
ened when the patients received inert pills. 
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Fig. 5. Some effects of the administra- 
tion of a small dose of 3:5-dichloro-p-thy- 
ronine to 6 hypercholesterolemic euthyroid 
pias with coronary heart disease. None Fic. 6. Some effects of the administra- 
complained of decreased effort tolerance. tion of a large dose of 3:5-dichloro-p- 
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men. roid men with coronary heart disease. Ef- 
fort angina developed in 1 patient when he 
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3:5-Dichloro-p-thyronine (DCI.T) 

This chlorothyronine was administered to 6 euthyroid men for ten weeks 
(Fig. 5). The oral daily dose ranged from 100 to 150 mg. Although there 
was a slight initial fall in the level of serum cholesterol, this was not sus- 
tained and was not regarded as significant. The concentration of serum 
protein-bound iodine fell from an initial level of 6.1 ug. per 100 ml. to 3.7 
ug., and then rose abruptly after withdrawal of pCl.T. No significant 
change occurred in the four-hour thyroidal I'** uptake. The BMR fell by 4 
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per cent. None of the 6 men complained of any decrease in exercise toler- 
ance, and in none did effort angina develop. 
pCl.T was then administered for ten weeks to 6 more euthyroid men with 
coronary heart disease (Fig. 6). The oral daily dose was 200 or 300 mg. The 
serum cholesterol level fell by 17 per cent and, after withdrawal of pCl.T, 
rose to the pretreatment value. Although there was a slight initial fall in 
the serum protein-bound iodine level, this was not maintained. There was 
no significant change in the four-hour thyroidal I'*! uptake. The BMR fell 
by 2 per cent. More severe and more frequent effort angina developed in 1 
patient. 
DISCUSSION 


The administration of pCl,I:T to hypercholesterolemic men with coro- 
nary heart disease did not produce any significant or consistent fall in 
serum cholesterol concentration and was associated with features of myo- 
cardial stimulation in 3 out of the 6 patients studied. The administration 
of pCl;T and pCl:T to hypercholesterolemic men with coronary heart 
disease produced a significant depression in the serum cholesterol level but 
also led to myocardial stimulation and symptoms of angina or breathless- 
ness. Despite the promising results of the animal assays, it is concluded 
that none of these 3 thyroactive compounds is suitable for reduction of the 
serum cholesterol level in men with coronary heart disease. 

Though the rise in serum protein-bound iodine concentration during the 
administration of pCl.I.T can be explained by the comparatively large 
amount of iodothyronine administered, the fall in protein-bound iodine 
concentration during the administration of pCl;T and pCl,T is harder to 
explain. It is possible that this fall was due to replacement of protein- 
bound iodine compounds by the relatively large doses of chlorinated com- 
pounds administered, or their chlorinated metabolic products. An alterna- 
tive explanation is that at these dosage levels the chlorinated compounds 
behaved like iodinated thyronines and acted as a stimulus for reducing the 
production of thyroid-stimulating hormone (TSH), which was reflected by 
a decrease in the level of serum protein-bound iodine. Although the thy- 
roidal I'*' uptake was not significantly affected, it may be that the validity 
of this test in the presence of large amounts of chlorinated thyronines 
could be questioned. If these chlorinated thyronines do in fact modify the 
responses of the pituitary-thyroid axis, it is possible that large doses of 
these compounds might have some therapeutic value in cases of suspected 
overproduction of TSH, such as exophthalmic ophthalmoplegia. 
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THYROXINE AND TRIIODOTHYRONINE 
TURNOVER STUDIES IN DYSTROPHIA 
MYOTONICA*f 


W. JAMES KUHL, M.D.{f, IRA 8S. HALPER, M.D.§ 
AND ROBERT M. DOWBEN, M.D. 


The Medical Service of the Veterans Administration Research Hospital and the Department 
of Medicine, Northwestern University, Chicago, Illinois 


ABSTRACT 


The turnover of thyroxine and triiodothyronine, the extrathyroidal thy- 
roxine space, the thyroidal uptake of radioiodine, the radioiodine conversion 
ratio, and the serum protein-bound iodine level were normal in 4 patients 
with dystrophia myotonica, despite a low basal metabolic rate. The patients 
were relatively unresponsive to the administration of desiccated thyroid or tri- 
iodothyronine. 


F THE several forms of muscular dystrophy, dystrophia myotonica 
alone is accompanied regularly by overt manifestations of disordered 
endocrine function. Weakness and wasting of muscle, myotonia, cataracts 
and coronal baldness are characteristic of this disease, but in addition 
testicular atrophy with increased gonadotropin excretion, diminished 17- 
ketosteroid excretion and decreased basal metabolism with occasional 


frank myxedema may be present (1-7). In contrast to the depressed basal 
metabolic rate, the thyroidal radioiodine uptake and the serum protein- 
bound iodine level are in the euthyroid range. In order to learn more about 
the metabolic disorder in dystrophia myotonica, turnover studies and 
extrathyroidal pools were determined in 4 patients with this disease after 
administration of I'*!-labeled thyroxine or triiodothyronine. 


MATERIALS AND METHODS 


The subjects of this study were 4 adult males afflicted with a slowly progressive and 
unremitting myopathy affecting the distal musculature of the extremities and the 
temporal, masseter and sternocleidomastoid muscles most severely, in association with 
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myotonia principally in the hands, calves and jaw. The myotonia was substantiated by 
the electromyographic findings. Three of the 4 patients (except S.G.) had relatives with 
the disease. All had testicular atrophy. Coronal baldness and posterior lenticular opaci- 
ties were present in 3 of the 4 patients (except D.K.). All 4 complained of constipation. 
With the exception of Patient A.L. who also suffered from narcolepsy, tiredness and 
sleepiness were not problems. Dry skin, facial puffiness, enlargement of the tongue, pain 
in the joints, and intolerance of cold were not present. Pertinent laboratory studies are 
summarized in Table 1. 

Turnover studies were performed as outlined by Sterling and Chodos (8), using com- 
mercial radiothyroxine and radiotriiodothyronine (Abbott Laboratories, Oak Ridge, 


TABLE 1. PERTINENT LABORATORY DATA ON 4 PATIENTS WITH DYSTROPHIA MYOTONICA 


Patient Patient Patient 
ALL. B.C. 


Sex & Age M,38 
Weight (Ibs.) 151 
Duration of disease (yrs.) 25 
Electromyogram Myotonia | Myotonia 
Basal metabolic rate (%) 9 2 —24 
24-Hr. I'*! uptake (% dose) y 
24-Hr. conversion ratio (%) 

Serum protein-bound iodine (ug./100 ml.) 
Urinary 24-hr. creatinine excretion (Gm.) 
Urinary 24-hr. creatine excretion (mg.) 
Serum aldolase (u/ml.) 

Serum lactic dehydrogenase (u/ml.) 
Serum transaminase (u/ml.) 

Serum cholesterol (mg./100 ml.) 
Circulating thyroid antibodies N None 
Chromatin pattern Male 
Electrocardiogram . Normal Normal 


Tenn.). These materials were found to be essentially radiopure upon paper chromatog- 
raphy (9). A dose of approximately 5 ue. of I'*! labeled /-thyroxine or /-triiodothyronine 
was given for each test. After administration of labeled thyroxine, 24-hour urine collec- 
tions and blood samples were obtained for twelve days; after administration of labeled 
triiodothyronine, 12-hour urine specimens and blood samples were obtained for five 
days. No drugs were taken by the subjects for at least three months preceding the study. 

After the completion of the turnover studies, the patients were treated with 25 ug. of 
triiodothyronine four times daily for six weeks, and re-evaluated. Then they were 
treated with 60 mg. of desiccated thyroid three times daily for eight weeks, and again 
re-evaluated. 


RESULTS AND DISCUSSION 


Although all 4 patients had moderately low basal metabolic rates ranging 
from —19 to —29 per cent, the thyroidal radioiodine uptake and conver- 
sion ratio at twenty-four hours, and the serum protein-bound iodine level 
were not abnormal (Table 1). The turnover of radiothyroxine ranged from 
a half-time of 6.07 to 9.36 days with a mean of 7.42 days, representing 
turnover rates ranging from 7.41 to 11.42 per cent per day with a mean of 
9.57 per cent per day (Table 2). The extrathyroidal thyroxine distribution 
space ranged from 7,102 ml. to 10,690 ml. with a mean of 8,568 ml., and the 
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extrathyroidal pool of thyroxine ranged from 328 to 466 ug. with a mean of 
414 ug. These results are in the lower range for normal subjects as reported 
by Sterling and Chodos (8) and are comparable to the findings in patients 
with extrathyroidal hypometabolism (10, 11). The thyroxine turnover and 
pool size in the dystrophic patients were not in the hypothyroid range. The 
turnover of triiodothyronine was somewhat more rapid than that observed 
by Sterling e¢ al. (12) in normal subjects. No attempt was made to deter- 
mine the triiodothyronine space, but it is conceivable that this was con- 
tracted. No thyroid antibodies were found in the sera of our patients.! 

The serum aldolase, lactic dehydrogenase and transaminase levels, which 
are often elevated in other forms of muscular dystrophy (13), were not 


TABLE 2, THYROXINE AND TRIIODOTHYRONINE TURNOVER STUDIES 
IN 4 PATIENTS WITH DYSTROPHIA MYOTONICA 


Turnover half-time Turnover rate Extrathyroidal 
(days) (% per day) thyroxine pool 


T, (ml.) (ug.) 
7.05 9.84 7146 328 
6.07 : 11.42 9334 466 
9.36 7.41 7102 398 
721 9.62 10690 460 


7.42 9.57 8568 414 


Patient 


abnormal in these patients. It is of interest that the sex chromatin pattern? 
in our patients was male, corresponding to the phenotypic sex as previ- 
ously reported in patients with dystrophia myotonica (14). 

Upon treatment with desiccated thyroid or triiodothyronine, an in- 
crease in appetite and a lessening of constipation occurred in all patients. 
The patient with narcolepsy (A.L.) became less drowsy. However, there 
was no improvement in muscle strength or myotonia. The basal metabolic 
rate was virtually unchanged in 2 or the 3 patients studied, and in the 
third the increase in BMR was less than is usually seen after such doses 
of thyroid medication (Table 3). The general unresponsiveness of patients 
with dystrophia myotonica to exogenous thyroid has been observed previ- 
ously (3, 6, 7). 

Thyroxine turnover and pool measurements may be added to the tests 
of thyroid function which yield normal results in dystrophia myotonica. 
In view of all these normal values for thyroid function, the low metabolic 
rate in this disease has been attributed to extrathyroidal hypometabolism 
(6, 7), even though this syndrome is poorly characterized (15) and there 
is as yet no direct evidence of unresponsiveness of peripheral tissues to 


' We are indebted to Dr. Frank Schmid for determination of thyroid antibodies. 
2 We are indebted to Dr. Albert Gerbie for determination of the sex chromatin 


pattern. 


T; 
D.K. 1.14 
A.L. 1.37 
8.G. 
B.C. | 
Mean 
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TABLE 3. BASAL METABOLIC RATES BEFORE AND AFTER 
THYROID REPLACEMENT THERAPY 


| Patient Patient 
| 8.G A.L. 
Control BMR (%) | 
BMR after 6 wks. of triiodothyronine, 25 ug. | 
four times daily | —12 +7 
BMR after 8 wks. of desicc. thyroid, 60 mg. 
—18 —22 3 


three times daily 


thyroxine. The lack of responsiveness to exogenous thyroid substance 
supports such an interpretation. It is possible, however, that diminished 
muscle mass (16) may be the cause of the low basal metabolic rate. 
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CARCINOMA OF THE THYROID GLAND: A 
STATISTICAL STUDY OF 390 PATIENTS* 
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ABSTRACT 

At the University of California Hospitals a study has been made of the 390 
patients with thyroid carcinoma who were observed in the 40-year period be- 
tween 1920 and 1959. Thyroid carcinoma was found in both lobes at the time 
of the “initial operation”’ in 19 per cent of these patients, and regional lymph 
node metastases were reported at one time or another in 42 per cent. These 
data warrant a more radical surgical approach to thyroid carcinoma. During the 
past fifteen years, therefore, the majority of such patients at the University of 
California have been treated by more radical forms of thyroidectomy. The 
rate of local recurrence in the thyroid area was significantly lower in patients 
treated by total thyroidectomy than in those treated only by unilateral sub- 
total lobectomy. Cumulative survival rates were higher for patients with 
papillary carcinoma than for those with follicular carcinoma, and the survival 
rates for patients with papillary or follicular carcinoma were higher than for 
those with anaplastic carcinoma. Thyroid carcinoma is a lethal disease despite 
prolonged survival of many of the patients. Eventually 19 per cent of the 390 
patients died of thyroid carcinoma (papillary 11 per cent, follicular 33 per cent 
and anaplastic 76 per cent). 


LINICAL and pathologic studies on patients with thyroid carcinoma 

reported from the University of California Hospitals have been 
designed chiefly to delineate the natural history of the 3 major forms of 
the disease. It was recognized that evaluation of various forms of therapy, 
mainly surgical, was not possible in a limited number of patients, even 
when they were observed for long periods after treatment. 

The present report is based upon a continuing study at the University 
of California Hospitals of 390 patients with thyroid carcinoma who were 
observed in the 40-year period between January 1920 and December 1959. 
This study was concerned mainly with certain features of the natural 
history of the disease, including detailed survival data. An attempt was 
made to determine whether or not the frequency of neoplastic recurrence 
in the thyroid gland has been affected by the more radical surgical pro- 
cedures employed during the past ten to fifteen years. 


Received June 1, 1961. 
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MATERIALS AND METHODS 


The 390 patients with thyroid carcinoma were first seen at the University of Cali- 
fornia Hospitals between January 1920 and December 1959. The hospital records and 
follow-up information received through June 1960 provided the clinical data. The 
majority of patients had been observed by members of the Thyroid Clinic. 

All available histologic sections were reviewed. Thyroid carcinoma was classified into 
3 main histologic types (papillary, follicular, or anaplastic), generally following the 
classification proposed by Warren and Meissner (1) with modifications previously made 
in this laboratory (2). In addition, follicular carcinoma was further subdivided into 3 
groups: a) localized follicular carcinoma (invasive adenoma); b) invasive follicular 
carcinoma; and (c) medullary (solid) carcinoma, as defined by Hazard and coworkers (3). 

The onset of carcinoma was assumed to coincide with the onset of goiter in most 
patients with papillary and follicular carcinoma. Multiple adenomas or chronic thy- 
roiditis, however, accounted for longstanding goiter in some cases. In these instances, 
the onset of carcinoma was estimated as the time that recent thyroid growth began. 
For patients with anaplastic carcinoma, the onset of comparatively recent thyroid 
growth was considered to be the time of onset of carcinoma. 

“Tnitial operation” was defined as including the initial surgical procedure (including 
biopsy of the thyroid gland or lymph node) and all subsequent surgical procedures per- 
formed within two months following the initial procedure and within two months of 
each other. Thus multiple procedures classified as an ‘‘initial operation”? were performed 
within a six-month period. 

Classification of the stages of thyroid carcinoma was based upon clinical, operative 
and pathologic findings available at the time of the “‘initial operation.”’ The stages were 
defined as: 


. Localized—neoplasm confined entirely to thyroid gland. 

. Regional—neoplasm extending beyond the capsule of the thyroid gland: a) into 
regional lymph nodes; b) into surrounding organs or tissues; or c) a combination 
of a and b, without further spread. 

. Distant—neoplasm that had spread to parts of the body remote from the primary 
site. 


“Karly” regional and distant metastases were those noted at the “initial operation” 
or within two months postoperatively. Metastases noted after this period were desig- 
nated as “late.” 

Tabulations of clinical and pathologic data were facilitated by use of IBM punch 
cards. 

Cumulative survival rates were calculated by the actuarial life table method de- 
scribed by Berkson and Gage (4). Standard errors of the survival rates were computed by 
the method of Merrell and Schulman (5). Comparisons of survival rates (2) and chi 
square tests used in other comparisons were performed at the 5 per cent level of signifi- 
cance. Comparisons of survival rates to determine significant differences were made only 
for 10, 20, 30 and 40 years after the onset of carcinoma and after the “initial operation.”’ 


RESULTS 


Histologic type of carcinoma and sex of patient 


Of the 390 patients in this study, 286 (74 per cent) had papillary car- 
cinoma, whereas only 5 per cent (21 of 390) had anaplastic carcinoma 
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(Table 1). Of the 83 follicular carcinomas, 18 were of the medullary type 
(3). Female patients with papillary and follicular carcinomas outnumbered 
males in approximately a 3:1 ratio. There were no male patients in the 


anaplastic group. 


Histologic type of carcinoma and age of patient 
Distributions according to the age of the patient at onset and age at the 
time of the “initial operation” are shown in Tables 2 and 3. Papillary 


TABLE 1, THYROID CARCINOMA: HISTOLOGIC TYPE IN RELATION TO SEX OF PATIENT 


Histologic type Total No. of patients Males Females 
All types (total) 390 89 301 
Papillary 286 69 217 
Follicular, total 83 20 63 
Localized 39 9 30 
Invasive 26 6 20 
Medullary 18 5 13 
Anaplastic 21 21 


TABLE 2. THYROID CARCINOMA: AGE OF PATIENT AT TIME OF ONSET 
IN RELATION TO HISTOLOGIC TYPE OF NEOPLASM 


Histologic type of carcinoma 
Age at time No. of Weliteuler 
of onset Papiilary Anaplastic 
Total Localized Invasive Medullary 
All ages (total) 390 286 83 39 26 18 21 
0-9 yrs. 10 10 — — — — — 
10-19 54 44 10 8 2 — — 
20-29 77 64 13 5 7 1 — 
30-39 | 79 64 15 9 4 2 _ 
40-49 54 42 9 4 2 3 3 
50-59 67 36 27 8 9 10 4 
60-69 36 22 a 4 2 1 7 
70-79 12 4 2 1 — 1 6 
80 vrs. and over 1 — | 1 


TABLE 3. THYROID CARCINOMA: AGE OF PATIENT AT TIME OF INITIAL OPERATION IN 
RELATION TO HISTOLOGIC TYPE OF NEOPLASM 


Histologic type of carcinoma 


Age at time of | No. of 
initial operation | patients Papillary Anap'as‘ic 
“| Total Localized Invasive Medullary 

All ages (total) 390 286 83 39 26 18 21 
0-9 yrs. 7 7 — 
10-19 28 24 4 4 — — — 
20-29 68 60 8 4 
30-39 80 65 15 10 2 3 —_ 
40-49 65 52 10 6 3 1 3 
50-59 67 37 26 “sf 11 8 4 
60-69 54 32 15 5 5 5 7 
70-79 19 9- 4 2 1 1 6 
1 — — 1 


80 yrs. and over 2 be se 1 
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TABLE 4. THYROID CARCINOMA: HISTOLOGIC TYPE AND EXTENT AT 
TIME OF INITIAL OPERATION 


Extent at initial operation 


Histol of Pyramidal Unk 
istologic type yramida (lymp nknown 
pa- | One Both Isthmus in glossal node (operation 


duct 
area 


tients} lobe lobes only biopsy elsewhere) 


only) 


only 


All types (total) 
Papillary 212 
Follicular, 


wo 


total 83 67 1 
Localized 39 3 1 — — — — 
Invasive 26 17 5 — — 
Medullary 18 12 5 — — — — 
Anaplastic 21 14 7 


carcinoma appeared with greatest frequency among patients in the 20-39 
year age group, follicular carcinoma among patients in the 50-59 year 
group, and anaplastic carcinoma among patients in the 60-69 year group. 
The majority of patients with the localized type of follicular carcinoma 
were less than 50 years of age, whereas the majority of those with the 
medullary type were 50 years of age or older. 


Histologic type of carcinoma and extent of involvement of thyroid gland at 
initial operation 

Both lobes of the thyroid gland were involved by thyroid carcinoma in 
19 per cent of all patients at the time of the “‘initial operation” (Table 4). 
There were no significant differences between histologic groups as far as 
frequency of bilateral involvement was concerned (x?=2.32 with 3 df.). 
(Localized follicular carcinomas were excluded from the calculation.) One 
localized follicular carcinoma that arose in the isthmus extended into both 
lateral lobes. 


Histologic type and stage of carcinoma at initial operation 


At the time of the “initial operation,” the disease was considered to be 
confined to the thyroid gland in more than 50 per cent of the 390 patients 
and in those of each histologic group with the exception of medullary 
follicular and anaplastic carcinomas (Table 5). In 72 per cent of patients 
with medullary follicular carcinoma (13 of 18), the disease had already 
spread to regional lymph nodes. In 52 per cent of patients with anaplastic 
carcinoma (11 of 21), either regional lymph node (5 patients) or distant 
(6 patients) metastases had already occurred at the time of the “‘initial 
operation.”’ 


| 
74 11 1 1 3 
B 56 10 1 1 3 o 
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TABLE 5. THYROID CARCINOMA: HISTOLOGIC TYPE AND STAGE AT 
TIME OF INITIAL OPERATION 


Waal Stage at initial operation 
Histologic type 

—- Localized Regional Distant Unknown 

All types (total) 390 237 115 23 15 

Papillary 286 174 93 10 9 

Follicular, total 83 53 17 7 6 

Localized 39 36 I 2 — 

Invasive 26 14 3 4 5 

Medullary 18 : 13 1 1 

Anaplastic 21 10 5 6 — 


Histologic type of carcinoma and the status of regional lymph node and dis- 
tant metastases 


Table 6 shows that regional lymph node metastases occurred in 42 per 
cent (162 of 390) of all patients, and that lymph node involvement 
occurred within two months of the “‘initial operation” in 33 per cent (127 
of 390) of all patients. The frequency of “‘early”’ and “‘late’”’ regional lymph 
node metastases was highest among patients with medullary carcinoma 
(94 per cent). In anaplastic carcinoma the frequency of ‘‘early” and “‘late”’ 
regional lymph node metastases was 52 per cent, and in papillary carcin- 
oma it was 44 per cent. 

- Distant metastases were noted in 16 per cent (61 of 390) of all patients; 
in 6 per cent (23 of 390), distant metastases appeared within two months 
after the “initial operation” (Table 7). The frequency of “‘early”’ and “‘late”’ 
distant metastases was highest (50 per cent) among patients with invasive 
follicular carcinoma; the frequency among patients with anaplastic car- 
cinoma was 43 per cent; with medullary carcinoma 39 per cent; with 
localized follicular carcinoma 13 per cent; and with papillary carcinoma 
only 9 per cent. 


TABLE 6. THYROID CARCINOMA: STATUS OF REGIONAL LYMPH NODE METASTASES IN 
RELATION TO HISTOLOGIC TYPE OF PRIMARY NEOPLASM 


Histologic type of carcinoma 


Status of No 
patients} Papillary Anaplastic 
Total Localized Invasive | 
Total number of 
primary neoplasms} 390 286 83 39 26 18 | 21 
Metastases re- 
ported, total 162 126, 25 2 6 17 11 
Early 100 78 14 1 3 10 | 8 
Late 35 25 7 1 3 3 3 
Both early | 
and late 27 23 4 — — 4 | — 


No metastases 
reported 


1600 
f - | 228 | 160 | 58 37 20 1 | 10 
1 
4 
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TABLE 7. THYROID CARCINOMA: STATUS OF DISTANT METASTASES IN RELATION TO 
HISTOLOGIC TYPE OF PRIMARY NEOPLASM 


Histologic type of carcinoma 


Status of No. 

distant of Follicular 
metastases patients) Papillary Anaplastic 
Total Localized Invasive Medullary 


Total number of 
primary neop!asms 
Metastases re- 

ported, total 
Early 
Late 
Both early 
and late 
No metastases 
reported 325 259 


No significant relationships were found between the occurrence of 
regional lymph node metastases and of distant metastases, as shown in 
Table 8 (x?=2.13 with 1 df.). It was noted, however, that almost half 
of the patients with distant metastases had no regional lymph node 
metastases. 


Type of initial thyroidectomy by year of operation 

A considerable change, especially in the last decade, has occurred in 
the type of thyroidectomy performed at the University of California 
Hospitals (Table 9). Unilateral or bilateral subtotal lobectomies were per- 
formed on 56 per cent of the patients (101 of 180) from 1930 to 1949, but 
in the last decade, 67 per cent (131 of 196) were treated by either total 
thyroidectomy (46 per cent) or total lobectomy on the side of the primary 
neoplasm combined with a subtotal lobectomy on the opposite side (21 
per cent). 


Type of lymph node operation by year of operation 
Radical excision of lymph nodes was not performed on any of the 


TABLE 8. THYROID CARCINOMA: STATUS OF REGIONAL LYMPH NODB AND DISTANT METASTASES 


Status of distant metastases No 


distant 
metastases 
reported 


Status of regional No of 


lymph node metastases patients |_ Reported 


Total Early Late Both 


Total number of primary neo- 
p'asms 38 
Metastases reported, total j 21 
Early 
Late 
Both early and late 
No metastases reported 


| 83 39 26 18 ZI 
25 5 13 7 9 
2 1 1 — 6 : 
18 3 9 6 | 3 ee 
5 1 3 1 
| 58 34 13 11 12 : 
7 329 
2 131 : 
1 25 
1 19 : 
5 198 
t 
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TABLE 9, THYROID CARCINOMA: TYPE OF INITIAL THYROIDECTOMY BY YEAR OF OPERATION 


Year of initial operation ; 
Type of initial No. of 
thyroidectomy patients} 1920- 1925- 1930—- 1935- 1940- 1945- 1950- 1955- 
2: 29 34 39 44 49 54 59 

Total cases of carcinoma 390 4 10 12 36 45 87 102 94 
Thyroid biopsy only 3 1 1 1 
Subtotal lobectomy 

Unilateral 49 1 3 4 6 13 9 9 4 

Bilateral 108 2 6 3 15 17 34 16 15 

Isthmus only 1 _ — 1 
Total lobectomy 

Unilateral 43 — - 2 5 9 11 7 9 
Unilateral subtotal and unilateral ‘ 

total lobectomy 61 a —_ 1 3 1 16 20 20 
Subtotal or partial thyroidecto- 

my, not otherwise specified 6 2 2 1 
Total thyroidectomy 108 — _ 1 1 sf 14 47 44 
Unknown 6 1 1 2 1 


patients prior to 1940 (Table 10). During the past fifteen years there has 
been a steady increase in the number of patients treated by radical neck 
dissection, and a slight decline in the number of patients treated by modi- 
fied neck dissection. During the past fifteen years, excision of the regional 
lymph nodes has not been included in over half (53 per cent) of the 
“initial operations.”’ 


Type of thyroidectomy and the frequency of local recurrence 


_ Local recurrence in the thyroid area was observed in 13 per cent of pa- 
tients (40 of 315) in whom the “‘initial operation” was considered to have 
completely removed the primary neoplasm from the gland (Table 11). 
The rate of local recurrence was lowest in those patients who were subjected 
to more extensive operative procedures. Recurrence rates ranged from 29 


TABLE 10. THYROID CARCINOMA: TYPE OF INITIAL LYMPH 
NODE OPERATION BY YEAR OF OPERATION 


es Year of initial operation 
rs) 
Type of initial lymph node operation | 54 | 1920- 1925- 1930- 1935- 1940- 1945- 1950- 1955- 
tients 24 29 34 39 44 49 54 59 
Total cases of carcinoma 390 4 10 12 36 45 87 102 94 
Lymph node biopsy only 14 a 2 —_ 2 — 2 2 6 
Local excision of enlarged cervical node: 
a. Without mediastinal dissection 65 _ 1 4 4 2 13 30 1l 
b. With mediastinal dissection 2 1 1 
Modified neck dissection: 
a. Unilateral 14 2 6 2 4 
b. Bilateral 5 — 4 1 
Radical neck dissection: 
a. Unilateral 
1) without mediastinal dissection 35 —_ — — — 3 9 10 13 
2) with mediastinal dissection 4 2 2 
b. Bilateral 
1) without mediastinal dissection 3 1 2 
2) with mediastinal dissection 4 2 2 
Unilateral modified and unilateral radical 
Unknown 13 1 1 1 3 4 3 —_ — 
None 228 3 6 ‘ 27 34 49 49 53 


ae 
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TABLE 11. SURGICALLY TREATED THYROID CARCINOMA: TYPE OF 
THYROIDECTOMY IN RELATION TO LOCAL RECURRENCE 


Local recurrence reported 

Type of thyroidectomy* of On On On : ee 
patients | Total same opposite both 

side side sides UPXMOWN| reporte 


Total cases surgically treated 26 
Subtotal lobectomy 
Unilateral 
Bilateral 
Pyramidal lobe only 
Isthmus only 
Total lobectomy 
Unilateral 
Unilateral subtotal 
Lobectomy and unilateral 
total lobectomy ~ 49 
Subtotal or partial thyroid- 
ectomy, not otherwise 
specified 6 4 1 = 
Total thyroidectomy 96 2 1 1 94 


* Patients who underwent either an unspecified type of thyroidectomy or no thyroidectomy 
and patients with tumors known to be incompletely removed were excluded from the 
tabulation. 


per cent (10 in 34) for patients treated only by unilateral subtotal lobec- 
tomy, to 2 per cent (2 in 96) for patients treated by total thyroidectomy. 


The majority of the local recurrences (26 of 40) appeared on the same side 
as the primary neoplasm, but in at least 7 known instances the opposite 
side was involved in the recurrence. 


Postoperative radiation in relation to histologic type of carcinoma 


Of the 390 patients with thyroid carcinoma, 113 received postoperative 
irradiation to the thyroid and cervical areas and to distant sites of metas- 
tases by means of x-rays, radioiodine, or both (Table 12). 

Of 286 patients with papillary carcinoma, 46 received such postopera- 
tive irradiation within two months after the ‘‘initial operation.’’ Some of 
these patients survived for long periods. Evaluation of radiation therapy 
however was not possible in this group of patients. 


Survival rates 


Thyroid carcinoma by histologic type. Patients with papillary carcinoma 
had significantly higher survival rates than those with follicular carcinoma 
at ten and twenty years after the onset of carcinoma, but there were no 
significant differences between the two groups at thirty and forty years 
(Fig. 1). Patients with papillary or follicular carcinoma had significantly 
higher survival rates than those with anaplastic carcinoma at ten and 
twenty years after onset. 


| 
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G u ulative survival rates after YEARS AFTER OPERATION 
onset for patients with thyroid carcinoma, 
according to histologic type. Fig. 2. Cumulative survival rates after 


operation in patients with thyroid car- 
cinoma, according to histologic type. 


When calculated from the time of the “initial operation,” survival rates 
for patients with papillary or follicular carcinoma were significantly higher 
than for patients with anaplastic carcinoma at ten years (Fig. 2). Patients 
with papillary carcinoma had significantly higher survival rates than those 
with follicular carcinoma at ten and twenty years after operation, but 
there were no significant differences between the two groups at thirty 
years. No significant differences were noted between the survival rates 
of the follicular and anaplastic groups at twenty years. 

Papillary carcinoma by sex of patient. No significant differences in sur- 


TABLE 12. THYROID CARCINOMA: RADIATION THERAPY IN 
RELATION TO HISTOLOGIC TYPE OF NEOPLASM 


“we | Histologic type of carcinoma 
Radiation therapy ol Follicular 
Papillary Anaplastic 


Total Localized Invasive Medullary | 


Total cases of 


carcinoma 390 286 83 39 26 18 21 
Radiation therapy 

received: 
Within 2 mos.* 74 46t 20 —- IZ 8 8 
Two mos. to 1 yr.* 10 6 1 — 1 — 3 
More than 1 yr.* 18 15 3 — 3 — _— 
To distant metas- 

tases only | 9 4 4 1 2 1 1 


Preoperative radiation 
therapy only 6 5 _ 
None recorded 271 208 55 38 8 9 8 


* After “initial operation.” 
t+ Includes 2 cases of lymph node biopsy only; 1 case of unilateral modified neck dissection 
only; and 3 cases of thyroid gland biopsy only. 


a 
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vival rates were noted between the sexes when calculated from either the 
time of onset of the carcinoma or of the “initial operation.” 

Papillary carcinoma by age of patient. Patients under 40 years of age 
had significantly higher survival rates than those 40 years of age and over 
at ten, twenty and thirty years after onset of the carcinoma or after the 
‘§nitial operation.” 

Papillary carcinoma by stage. At ten years after the “initial operation,” 
the survival rates for patients with “localized” and “regional” disease 
were not significantly different, but both were significantly greater than 
that for patients with “‘distant’’ disease (Fig. 3). At twenty years, the 
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Fig. 3. Cumulative survival rates after 15 20 25 30 
operation for patients with papillary car- YEARS AFTER OPERATION 
cinoma, according to the stage of carci- Fic. 4. Cumulative survival rates after 
none. operation for patients with follicular car- 

cinoma, according to the stage of carci- 
noma. 


CUMULATIVE SURVIVAL 
RATE /N PERCENT 


CUMULATIVE SURVIVAL 


“regional” group had a significantly higher survival rate than did the 
“localized” and ‘distant’? groups. The latter two groups had survival 
rates which were not significantly different from each other at twenty 
years. The “‘regional”’ group had a higher survival rate than the “‘localized”’ 
group at thirty years. 

Follicular carcinoma by sex of patient. The only significant difference in 
survival rates between the sexes was at forty years after the onset of 
carcinoma, when the survival rate of males was significantly higher than 
that of females. 

Follicular carcinoma by age of patient. Comparisons of survival rates 
calculated from the time of onset of the carcinoma and from the time of 
the “‘initial operation” showed significantly higher rates for patients under 
40 years of age, except at forty years after onset; at this time there was 
no significant difference between the two groups. 

Follicular carcinoma by stage. The survival rate for the “localized” group 
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was significantly greater than that for the “distant” group at ten years 
after the “initial operation” (Fig. 4). No other significant differences were 
noted among the “localized,” “‘regional’’ and ‘‘distant”’ groups. 

Follicular carcinoma by subgroup. When calculated from the time of onset 
of the carcinoma, the survival rates for patients with “localized follicular 
-earcinoma”’ were greater than those for patients with ‘‘invasive follicular 
carcinoma” at twenty, thirty and forty years (Fig. 5). No other significant 
differences were noted. 

When calculated from the time of the “‘initial operation,” the survival 
rates for patients with “localized follicular carcinoma”’ were greater than 


100 100 ‘a 
LOCALIZEO 770 77.0 77.0 % 10 4 
Ye INVASIVE 66.8 439 33.4 22.3 >4 
407 ; | = a \ : MEDULLARY 643 32! 
=< 20 x MEDULLARY 4 
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o S 1 20 25 30 35 40 45 50 INVASIVE 
YEARS AFTER ONSET = AN 
15 20 25 30 35 40 
Fic. 5. Cumulative survival rates after 7% * 
A YEARS AFTER OPERATION 
onset for patients with follicular carcinoma, 
according to histologic subgroup. Fig. 6. Cumulative survival rates after 


operation for patients with follicular car- 
cinoma, according to histologic subgroup. 


those for patients with “invasive follicular carcinoma” at ten and twenty 
years (Fig. 6). At ten years, the ‘medullary carcinoma” group had a 
significantly higher survival rate than the ‘invasive follicular carcinoma” 
group. No other significant differences were noted. 

Anaplastic carcinoma. Because of the small numbers of patients with 
anaplastic carcinoma, no additional survival rates were calculated. 


Mortality data 


Status of patients at time of the last report, by histologic type of carcinoma. 
For the total group of 390 patients, 25 per cent were reported dead from 
any cause. Table 13 shows that most patients with invasive follicular 
carcinoma (81 per cent, 21 of 26) and anaplastic carcinoma (81 per cent, 
17 of 21) were dead at the time of the last report. Carcinoma of the 
thyroid gland was the cause of death in 19 per cent of the total group of 
390 patients, and in 11 per cent of the papillary, 33 per cent of the fol- 
licular, and 76 per cent of the anaplastic groups. 
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TABLE 13. THYROID CARCINOMA: STATUS OF PATIENTS AT LAST REPORT 
IN RELATION TO HISTOLOGIC TYPE OF NEOPLASM 


Histologic type of carcinoma 
Status of patient at 
time of last report tients | Papillary Anaplastic 
Total Localized Invasive Medullary 
Initial number of 
patients 390 286 83 39 26 18 21 
Total alive 285 233 48 33 5 10 4 
Without neoplasm* | 169 145 24 15 3 6 — 
With neoplasm 8 3 4 3 — 1 1 
Status of neoplasm 
unknown 108 85 20 15 2 3 3 
Total dead 98 47 34 6 2i 7 17 
Neoplasm the cause 
of death 75 32 27 2 18 7 16 
Other cause of death 
(neoplasm not 
mentioned) 21 15 6 4 2 
Other cause of death 
(neoplasm men- 
tioned) 2 — 1 — 1 — 1 
No follow-up 6 


* Neoplasm refers to thyroid carcinoma. 


Histologic type of carcinoma by sex of patient. Deaths among females 
outnumbered deaths among males by approximately 3:1 (Table 14). In 
the papillary carcinoma group, there were no significant differences in 
numbers of deaths among males as compared to females (17 per cent and 
9 per cent respectively). (x?=2.75 with 1 df.) 

Age of patient by histologic type of carcinoma. Table 15 shows that for 
most histologic types, the median age of the patient at the time of death 
was in the 60-69 year range. Most of the deaths from medullary carcinoma, 
however, occurred in patients of the 50-59 year age group. 

Duration of carcinoma in relation to histologic type. A tabulation of 
deaths due to thyroid carcinoma calculated according to the duration of 
the disease is shown in Table 16. The median duration of disease in pa- 


TABLE 14. DEATHS DUE TO THYROID CARCINOMA IN RELATION TO HISTOLOGIC TYPE 
OF NEOPLASM AND SEX OF PATIENT 


Sex of patient 


Histologic type 


Male Female 


Thyroid carcinoma (total) 75 17 58 


Papillary 32 12 20 
Follicular, total 27 5 22 
Localized 2 -— 2 
Invasive 18 4 14 
Medullary 7 1 6 


Anaplastic 16 
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TABLE 15. DEATHS DUE TO THYROID CARCINOMA IN RELATION TO AGE OF 
PATIENT AND HISTOLOGIC TYPE OF NEOPLASM 


Histologic type of carcinoma 
Age of patient at 
time of death patients | Papillary Anaplastic 
Total Localized Invasive Medullary 

All ages (deaths) 75 32 27 2 18 rf | 16 
Under 10 yrs. 1 1 — = = — | a 
30-39 4 1 3 — 2 1 — 
40-49 6 F2 2 1 sas 1 2 
50-59 16 5 8 — 4 4 | 3 
60-69 27 10 11 1 9 1 6 
70-79 16 9 3 — 3 — 4 
80 yrs. and over 3 2 — — — — 1 


tients with medullary carcinoma was approximately three years. The 
longest duration of disease was noted in a patient with invasive follicular 
carcinoma who died forty-seven years after onset of the disease. 


COMMENT 


Although carcinoma of the thyroid gland occurs at all ages, the various 
types of thyroid cancer show distinct age distribution. As in other sorts 
of thyroid disease, females outnumber males by a considerable margin. 
This study showed a high frequency both of bilateral involvement of the 


TABLE 16. DEATHS DUE TO THYROID CARCINOMA IN RELATION TO 
DURATION OF NEOPLASM AND HISTOLOGIC TYPE 


| Histologic type of carcinoma 
Duration of No. |-—— 
carcinoma at | of Follicular | 
time of death | cases | Papillary —| Anaplastic 
| | Total Localized Invasive Medullary | 
Deaths due to ‘ - - 
thyroid carcinoma | 5 | 32 27 2 18 ' 16 
Duration of 
carcinoma: 
Less than 1 yr. 14 3 | 1 — — 1 10 ' 
yr. 6 | 2 — 3 
2 yrs. | 3 | 1 1 — 1 
3 yrs. 3 1 2 1 
4 yrs. 3 | 2 — 1 I — 
5-9 yrs. 13 | 6 6 — 6 —_— 1 ( 
10-14 yrs. 13 9 | 4 1 2 1 — 
15-19 yrs. 3 | 4 3 1 ] 
20-24 yrs. 4 1 1 
25-29 yrs. 1 {| — | 
40-44 yrs. i — | 
45 yrs. and over | 1 Vea 1 — 1 — — ‘ 
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thyroid lobes at the “‘initial operation” and of the regional lymph nodes 
within a two-month period following the ‘‘initial operation.” These data 
suggest that more radical surgical treatment of the thyroid neoplasm as 
well as of the regional lymph nodes is warranted. This therapeutic approach 
has been advocated in other reports (2, 6). 

No significant relationships were demonstrated habeus the occurrence 
of metastases in regional lymph nodes and in distant sites, thus suggesting 
that the primary neoplasm rather than involved regional lymph nodes 
was the source of the distant metastases. This concept was reinforced by 
the finding that nearly half the patients with distant metastases did not 
have regional lymph node metastases. Nevertheless, metastatic disease 
in regional lymph nodes should be removed if the disease is to be eradi- 
cated. 

It is noteworthy that during the past fifteen years the majority of pa- 
tients have been treated by more extensive forms of thyroidectomy. The 
data from the present study show a significantly lower rate of local recur- 
rence in the thyroid area in the patients treated by total thyroidectomy as 
compared with those treated by unilateral subtotal lobectomy. Although 
the patients treated by total thyroidectomy were observed mainly during 
the last fifteen years, local recurrence might be expected by the present 
time in many of them if it were to occur, since it was shown previously (2) 
that such recurrence in papillary carcinoma appeared on an average of 7.7 
years after operation, in follicular carcinoma 4.5 years after operation, 
and in anaplastic carcinoma 1.7 years after operation. The high mortatity 
from respiratory obstruction associated with local recurrence of carcinoma 
in the thyroid area may be significantly reduced by total thyroidectomy. 

Analysis of survival data in the present study shows significantly higher 
survival rates.for patients with papillary carcinoma as compared to those 
with follicular carcinoma, although at thirty years or more after onset or 
after the initial operation, these differences in survival rates disappear. 

For at least thirty years after onset or after operation, there were no 
differences in the survival of males and females with either papillary or 
follicular carcinoma. As shown in a previous study (2), patients with 
either papillary or follicular carcinoma who were under the age of 40 
years had higher survival rates than patients over 40 years of age, although 
these data were not adjusted for age according to a standard population. 
Other data, however, suggested that thyroid carcinoma is more aggressive 
in older persons (2). 

When survival of patients with papillary carcinoma was analyzed accord- 
ing to the stage of the disease, it was found that at twenty and thirty 
years after the “initial operation” those with ‘“‘regional”’ disease had higher 
survival rates than those with “‘localized” disease. This finding suggests 
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that regional nodal metastases may delay spread of disease, or that some 
papillary carcinomas may tend to spread through the lymphatics to the 
regional nodes, whereas others, perhaps more aggressive, may metasta- 
size through the vascular system to distant sites instead. 

That medullary carcinoma is an entity distinct from other types of 
invasive follicular carcinoma, statistically as well as histologically (3), 
is suggested by a significantly higher survival rate at ten years after the 
“initial operation” for patients with this form of thyroid carcinoma as 
compared with that for patients with invasive follicular carcinoma. 

This study again indicates that thyroid carcinoma is a lethal process, 
although the course of most forms of the disease, with the exception of 
the anaplastic type, may be prolonged considerably. The delayed but 
aggressive characteristics of papillary carcinoma are evident, since 11 per 
cent of the patients with this typexsof thyroid cancer died eventually of 
the disease. Papillary carcinoma is more frequent in the younger age 
groups, yet death from papillary carcinoma or from any other form of 
thyroid carcinoma is uncommon in patients below the age of 50 years. 
Although it appeared in a previous study that significantly more males 
than females had died of papillary carcinoma (2), no such sex differences 
were found in the present study of a larger group of patients followed for 
longer periods of time. 


* The results of clinical, pathologic and statistical studies of the natural 

history of thyroid carcinoma therefore suggest that earlier and more 
radical surgical therapy aimed at cure rather than palliation should eventu- 
ally lead to lowered mortality from this disease. Prolonged follow-up 
studies will be necessary to determine the validity of this thesis. 
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Letter to the Editor 


STEROIDOGENESIS IN THE HUMAN FETAL 
TESTIS: THE CONVERSION OF PREG- 
NENOLONE-7a-H*? TO DEHYDRO- 
EPIANDROSTERONE, TESTO- 
STERONE AND 4-ANDRO- 

» STENE-3,17-DIONE* 


To THE EpITor: 


A study of the pathways of steroid synthesis in the human fetal testis is 
interesting from the standpoint of understanding the mechanisms of the 
development of the male habitus of the fetus zn utero and how the male 
embryo overcomes the influence of the mother’s hormones during gestation. 
Insight into androgen steroidogenesis in the fetal testis may also help to 
explain idiopathic endocrinopathies and dysgenias of the urogenital system 
as observed postnatally. 

Previous work has shown the capacity of human fetal testicular tissue 
to metabolize progesterone-4-C'. The 17a-hydroxylating, 20a- and 208- 
reducing, side-chain splitting, 17-keto reducing, and 21-hydroxylating 
enzymatic systems have been proved to be active in such tissues (1). 

The testes of a 20-cm. (21 weeks) and a 23-cm. (24 weeks) fetus were 
separately incubated in Krebs-Ringer-phosphate-glucose buffer pH 7.4 ai 
37.5° C. for two hours in an atmosphere of 95% O2-5% CO: together with 
ATP, DPN, TPN, DPNH, TPNH and 4.0 ue. (1.8 ug.) of pregnenolone- 
7a-H*. The reaction was stopped with acetone, and the mixture was 
filtered. After removal of the acetone, the water phase was repeatedly 
subjected to extraction with ethyl acetate. The residues of the ethyl 
acetate extract were chromatographed on paper in the solvent systems 
benzeneformamide (diluted with methanol 1:1 v/v, hexane-benzene (1:1)- 
formamide (diluted with methanol 1:1 v/v), and methyleyclohexane- 
butanediol (undiluted) for various lengths of time. 

Radioactive areas on the dried chromatograms were detected with a 


* This work was supported by Grant A-3270, National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health, Public Health Service, Bethesda, 
Maryland. 
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4pi Atomic Accessories papergram scanner. The radioactive areas were 
eluted with methanol, and aliquots were subjected to acetylation and/or 
chromic acid oxidation and rechromatographed to purify and help identify 
the components. 

Further chromatography of the radioactive materials in the systems 
methyleyclohexane-propylene glycol (diluted with methanol) and benzene- 
formamide (diluted with methanol) with minute quantities of nonradio- 
active dilutent carrier steroids, followed by scanning of the radioactive 
areas and spot tests for the carrier steroids, helped to decide the structure 
of each radioactive compound. 

Finally, nonradioactive carrier was added to each component and from 
three to six crystallizations were carried out to constant specific activity. 


TABLE 1. CONVERSION OF PREGNENOLONE-7a-H;3 to CyyQ2 STEROIDS 


| 


Per cent 
Final total d.p.m. Pie of conversion of 
recovered* Hise otal recovere 
added activity iat red 


Compound activity 


20-cm. 
fetus 


23-cm. 
fetus 


23-cm. 
fetus 


20-cm. 
fetus 


23-cm. 
fetus 


4-Androstene-3,17-dione 113,800 37,500 1.29 ° 0.42 1.94 0.73 
Dehydroepiandrosterone 224,680 466,130 2.55 5.29 3.75 7.78 
Testosterone 1,911,360 837,620 21.72 9.51 22.08 9.58 


20-cm. 
fetus 


* Average specific activity (d.p.m./mg.) may be derived by dividing each number by 5. 


Acceptable limits for radiochemical purity were that three consecutive 
erystailizations and mother liquors deviated less than +5 per cent from 
the mean. 

All counting was performed with internal standards in toluene-pop- 
popoP in a Packard Scintillation spectrometer to an accuracy of better 
than 2 per cent. 

Table 1 shows the observed disintegrations per minute and the specific 
activity of the dehydroepiandrosterone, testosterone and 4-androstene- 
3,17-dione found in the 2 testes incubations. From the data on percentage 
conversion, it is seen that both dehydroepiandrosterone and testosterone 
represent major end-products of steroidogenesis in these testes of second- 
trimester fetuses. It is also evident that the enzymatic system of side-chain 
splitting seemed to be active in the younger fetus (20-cm.), and that twice 
as much dehydroepiandrosterone was formed in the older one (23-cm.). 
However, no conclusions can be drawn from this work concerning the 
reality of these differences between the older and younger fetuses. Dehy- 
droepiandrosterone is also a normal metabolite in fetal adrenal glands (2), 
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and recently has been found in adult bovine testes (3) as a metabolite of 

5-pregnenolone. 
HERNAN F. ACEVEDOt 
LronarpD R. AXELROD 
Kise1 [ISHIKAWA 
Fumikazu Takaki 

Departments of Endocrinology and Biochemistry, 

Southwest Foundation for Research and Education, 

San Antonio 7, Texas and the 

Department of Pathology, 

Jikei-Kai University School of Medicine, 

Tokyo, Japan, 

July 13, 1961 


+ Fellow of the Minnie Stevens Piper Foundation. 
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The Endocrine Society 


The 1962 Annual Meeting 


The Forty-Fourth Annual Meeting of The Endocrine Society will be 
held in the Palmer House, Chicago, Illinois, Thursday, Friday and Satur- 
day, June 21-22-23, 1962. 

Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily, and 
in addition there will be simultaneous afternoon sessions. The annual din- 
ner is scheduled for Friday, June 22, at 7:30 p.m. preceded by cocktails 
at 6:30 P.M. 

The Chairman of Local Arrangements is Dr. Allan T. Kenyon. 

All members are urged to make their hotel reservations immediately. 
The Palmer House will hold 300 bedrooms for members until May 1, 1962, 
after which time the hotel will not guarantee further reservations. There- 
fore it is imperative that you make your reservations early, directly with 
the hotel, advising them of time and date of arrival and departure. If you 
plan on remaining for the A.M.A. meeting, please advise the hotel. Make 
your reservations early and avoid disappointment. Hotel reservation card 
will be mailed to members shortly after January 1, 1962. 

Everyone attending the meetings is required to register. By action of 
the Council, non-members will be charged a registration fee of $15.00 for 
any part of the scientific sessions. Members will be charged a registration 
fee of $5.00. 

Graduate students, residents and interns, and members of the medical 
departments of the armed forces will be admitted upon presentation of 
proper credentials CERTIFIED BY DEPARTMENT HEAD OR SUPERINTENDENT 
OF HOSPITAL and payment of $5.00 registration fee. . 

Final program, membership card and advance registration forms will be 
sent on May 15, 1962, to members whose current dues have been paid. 

Those wishing to present papers, which will be strictly limited to ten 
minutes, should send an original and four copies of the title and abstract 
to the Vice-President, Dr. Leslie L. Bennett, Dept. of Physiology, Uni- 
versity of California Medical Center, San Francisco 22, California, not 
later than February 15, 1962. It is imperative that the abstracts be informa- 
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tive and complete with results and conclusions—not a statement that 
those will be presented at the meeting—in order that they may be of refer- 
ence value and suitable for printing in the program. The reading and 
processing of approximately two hundred abstracts submitted each year 
and compiling of the program from these involves a tremendous amount 
of time and effort on the part of the Program Committee. 

THE COUNCIL REQUESTS THAT AUTHORS ADHERE STRICTLY TO THE FOL- 
LOWING RULES WHEN SUBMITTING ABSTRACTS, OTHERWISE THEY CANNOT 
BE CONSIDERED: 

1. Iv IS ASSUMED THAT ABSTRACTS SUBMITTED FOR THIS PROGRAM HAVE 

NOT AND WILL NOT BE SUBMITTED ELSEWHERE. 

2. Abstracts may not exceed two hundred words, or equivalent space, 
exclusive of title. No footnotes or acknowledgments to sponsors can 
be published. References, if used, must be placed in the body of the 
text. The Abstract should consist of a single paragraph, if possible. 
Structural chemical formulas, graphs or extensive tables cannot be 
used. 

3. The title heading must be arranged as follows: 

Line 1. Title, not to exceed fifteen words. 

Line 2. Author/s. The name of each non-member author collaborating 
with member-authors is to be followed by the phrase “(by 
invitation).’”’ Names of non-members who are introduced, 
z.e., who are not collaborators with member-authors, are to 
be followed by the phrase ‘‘(introduced by . . . ).”’ The prin- 
cipal degree, e.g., M.D., of each author should be written 
after his name. aie 

Line 3. Institution of origin and city in which institution is located. 

4. Authors who wish receipt of their abstracts acknowledged should en- 
close self-addressed post card with the title of the abstract noted 
thereon. 

5. Authors are also to enclose 3X5” filing cards, one' for each author, 
giving his name and initials in the upper right hand corner, and the 
complete title of the abstract with all the authors listed in the center 
of the card. There should be a second card enclosed listing the title 
and all authors and the mailing address of the senior author. This is 
necessary for indexing. Senior authors will be notified. of the ac- 
ceptance of their papers for the final program. 

6. The body of the abstract, typed double space, should follow the 
heading. The original copy should be on bond paper. The original 
and four copies should be forwarded to Dr. Bennett. 

7. Abstracts should be letter perfect, since there will be no opportunity 
for proof reading by the authors, 
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The 1962 Awards 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. Endocrine Society awards are limited to citizens of the 
United States and Canada. 


FrEep ConrapD Kocu AWARD 


In 1957 a substantial legacy was bequeathed to the Society by the late 
Elizabeth Koch for the purpose of establishing the Fred Conrad Koch 
Memorial Fund in memory of her late husband, Distinguished Service 
Professor of Physiological Chemistry at the University of Chicago and 
pioneer in the isolation of the androgens. This is the highest honor of The 
Endocrine Society and is represented by a medal known as the Koch 
Medal of The Endocrine Society. The medal, as well as an honorarium of 
$3,500, is to be given annually to an individual for work of special distinc- 
tion in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. 

This Award was first presented in 1959, to Dr. W. W. Swingle and in 
_1960 was presented to Dr. Emil Witschi. The Koch Medal has replaced the 
Medal of The Endocrine Society which was established in 1954. 


Tue AWARD 


The Ciba Award is given in recognition of the meritorious accomplish- 
ments of an investigator in the field of basic or clinical endocrinology who 
has not reached his thirty-sixth birthday before June 1 of the year in which 
the Award is presented. This Award was established in 1942 and first pre- 
sented in 1944. The Award is presently in the amount of $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $7,500, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, cr candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 
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1. Evidence of scientific ability as attested by studies completed or in 
progress. 

2. Recommendations from individuals familiar with the candidate and 
his work. 

3. A proposed program of study. 

4. Acceptance of the individual by the head of the department in which 

the Fellowship will be held. 

A statement that he or she will serve full time if awarded a Fellow- 

ship. A small amount of time (10 to 15 per cent) may be spent in 

course work or participation in teaching, the latter purely on a volun- 

tary basis. 


or 


Tue Upsjoun AWARDS 


The Council of The Endocrine Society has approved a change in status 
of the Upjohn S¢holar to that of The Upjohn Awards. 

There will be two awards in the amount of $1,250 each, one for the best 
article in format and content printed in ENDOCRINOLOGY and one in THE 
JOURNAL OF CLINICAL ENDOCRINOLOGY AND METABOLISM during the pre- 
ceding year. 

Awardees will be chosen by the Awards Committee at its regular meeting 
in November of each year. 


NOMINATIONS 


Nominations for the Fred Conrad Koch Award, the Ciba Award, and 
the Ayerst and the Squibb Fellowships may be made by any member of 
The Endocrine Society. They should be submitted on forms which may be 
obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than October 15 each year. 

Proposals for appointments as a Scholar of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by October 15 each year. 
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Obituary 
FRANCIS MARION POTTENGER 


To write an obituary for Frank Pottenger, a former president of our 
Society, is not a task nor an obligation, but an opportunity to be cherished, 
for I knew him long and well. He was a remarkable man with many fine 
attributes, but to my mind the most outstanding was his inexhaustible 
capacity for friendships. Never a medico-politician, he nevertheless had 
acquaintance with a truly fabulous number of physicians both in our 
country and abroad. 

He travelled extensively throughout the length and breadth of our 
country and four times to Europe to study. He was prominently identified 
and interested in a host of medical organizations, many of which have, 
or will, pay him tribute. Though internationally recognized mainly as one 
of the great leaders in the understanding and treatment of tuberculosis, 
he was never the narrow specialist but diversely fascinated by many fields 
of internal medicine. 

It was this gregarious friendliness with countless colleagues which 
proved so helpful to the establishment and pioneering of the first endocrine 
society in the world, ‘‘The Association for the Study of Internal Secre- 
tions,’’ as it was named rather pompously and clumsily for many years. 
Having lived through the early precarious years of this organization, it 
may be stated frankly and truthfully that although “star names” such 
as Harvey Cushing, Lewellys Barker, Walter Cannon, Joseph Aub, E. C. 
Kendall, J. B. Collip and other early presidents lent prestige and attracted 
favorable attention to our society, it remains doubtful whether it would 
have survived had it not been for the faithful steadfast wisdom of Pottenger 
in matters of organization, finance and memberships. 

Frank was our devoted secretary for fifteen years, and then President 
in both 1935 and 1936. It took courage to steer our ship through troubled 
waters, when clinical endocrinology was a dubious fumbling branch of 
medicine and its clinical exponents somewhat suspect. 

Dr. Pottenger was born September 27, 1869, and lived to the wonderful 
age of 91, always indefatigable and alert. He provided to intimate audi- 
ences like the Pacifie Interurban Clinical Club, where he was greatly 
beloved, increasingly stimulating dissertations in his later eighties! He was 
sober but enthusiastic, cheerful but steady, and indomitable. 

The overwhelming majority of present members of The Endocrine 
Society never knew this man. This tribute is recorded therefore in part so 
that they may realize how much they are indebted to him for helping form 
and guide this now flourishing organization during its earlier tribulations. 


He lived jong and well. 
H. Lisser, M.D.—Tenth President 
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4885 and pyrogen on plasma 17-OH-CS, 
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creted by man with, 506 

—— Addison’s disease or CAH; excretion of 
DHA and P chromogens, 1321 
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—— adrenal insufficiency; ACTH test; ex- 
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——bilat. adrenalectomy for 
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17-KS and gonadotropin, 931 
—— CAH; relation of 17a-OH-progesterone 
to, as a salt-losing steroid, 909 
—— CAH (salt-losing); bilat. steroid-secret- 
ing testicular tumors complicating, 518 
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—— CAH, untreated; hormone studies dur- 
ing and after pregnancy, 675 
—— CAH, untreated; metab. of 17-OH-pro- 
gesterone in, 765 
—— CAH; unusual steroid pattern; de- 
ficiency of 38-OH-dehydrogenase, 860 
—— Cushing’s syndrome: see also Cushing’s 
syndrome 
—— pheochromocytoma; effect of histamine 
on plasma catecholamines as a diagnostic 
test, 281 
— — pheochromocytoma; excretion of cate- 
cholamines and 3-methoxy-4-hydroxy- 
mandelie acid in, 315 
PHYSIOLOGY & PATHOLOGY 
—— (ACTH) adrenocorticotropic hormone: 
see Pituitary preps. & comps. 
—— adrenal homogenates; quant. extraction 
of steroids from, 
adrenal medullary response to kypo- 
glycemia, 281, 296 
adrenal tissue; failure of transmethyla- 
tion of 2-OH-estrogens by, 211 
andrenocortical function and cortisol 
metabolism in old age, 1197 
adrenocortical function as reflected by 
blood levels of corticoids, 1146 
—— adrenocortical function; effect of 
o0,p’DDD on, 201 
—— adrenocortical function in male peace 
hermaphrodism, 506 
——— adrenocortical function; 
partment disposal of plasma 17-OH-CS 
not valid criterion, 1106 
—— adrenocortical response to stress: see 
also Adrenal preps. & comps. 
biosynthesis and metabolism of norep- 
inephrine and epinephrine, 321 
—— extra-adrenal influence of ACTH on 
cortisol metab., 106 
——— pituitary-adrenal interrelationshiy in 
CNS diseases, 1022 
pituitary-adrenal responsiveness, 433 
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—— aldosterone antagonist; possible action 
of chloro-dehydro-acetoxy-progesterone 
as, 1364 
— aldosterone excretion; effect of HGH 
and subfractions on, 361 
aldosterone-H? and cortisol-4- bind- 
ing by plasma from pregnant or estro- 
gen-treated subjects; effect of tempera- 
ture, 53 
aldosterone-7-H*, urinary conjugate of; 
comparison of methods for acid hy droly- 
sis, 1092 

— aldoste rone, 17-OH-CS and 17-KS ex- 
cretion in successful pregnancy after 
hypophyectomy, 1139 
aldosterone; rapid method for deter- 
mination in urine by glass paper chro- 
matography, 148 

‘atecholamines and 3-methoxy-4-OQH- 
mandelic acid in urine; normal excre- 
tion of, 315 

‘atecholamines in urine; specificity of 
trihydroxyindole method for, 305 
~ catecholamines; relation to thyroid 
hormone in myxedema, 1402 
- conversion in vivo of cortisol-4-C™ to 
68-OH-cortisol-4-C™ by cirrhotic liver, 
1328 
conversion of 4-C'*-cortisone acetate to 
1l-oxygenated estrogens, 624 
corticosteroid and 17-KS excretion in 
male infant with hypospadias and 

. adrenogen. syn., 1087 
- corticosteroid excretion during estrogen 
therapy in virilized women; effect of 
prednisone, 931 
- corticosteroid excretion in child with 
gigantism, 343 
corticosteroids and 17-KS; effect of 
single inj. of HPFSH on in amenorrheic 
women, 1068 

— corticosteroids in blood and _ tissues; 
quant. extraction and partial purifica- 
tion of, 62 

—— corticosteroid-treated patients; excre- 
tion of ACTH, 140 

-—— cortisol and corticosterone in blood; re- 
view of methods for det’n of, 1146 

— cortisol, infused; effect of estrogens and 
androgens on plasma clearance of; 17- 
OH-CS, 826 
cortisol i.v. at various rates and times; 
disposal of plasma 17-OH-CS, 1106 
- cortisol metabolsim and adrenocort. 
function in old age, 1197 

- cortisol metabolism; extra-adrenal in- 
fluence of ACTH on, 106 

—cortisol of plasma in neonates; also 
umbilical cord plasma, 414 

— cortisol removal rates and steroid ex- 
cretion in euthyroidal hypermetabolism 
(leukemia), 1248 

— cortisol; secretion rate of in young and 
early men, 1413 

~— cortisol versus progesterone groups of 
steroids; plasma, urinary, biliary and 
fecal distrib., 753 
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PREPARATIONS & COMPOUNDS (conl'd.) 


Volume 21 


—— cortisone and thyroid therapy in 
Sheehan’s syn.; reappearance of menses 
and gonadotropins, 1007 
cortolone (2a@ and 208); excretion of in 
young and elderly men, 1413 
— dehydroisoandrosterone (DHA) as a 
urinary metabolite in a case of virilizing 
adrenal adenoma, 1522 
— dehydroisoandrosterone (DHA) © of 
urine; simplified method for determina- 
tion, 1321 
— 11-desoxycortisol and cortisol; inde- 
pendent estimation in a single plasma 
sample; early morning levels, 943 
dexamethasone; steroid excretion in 
male pseudohermaphrodism during 
admin. of; effect of CG on, 506 
— DOC-induced sodium retention; cyclical 
pattern of renal excretion during adap- 
tation to; muscular weakness, 1426 
- epinephrine and norepinephrine; esti- 
mation of in plasma, in various diseases, 
1 
—— epinephrine norepinephrine in 
urine; effect of exercise on, 305 
- epinephrine and _ norepinephrine — of 
plasma during insulin-induced hypo- 
glycemia, 296 

—— epinephrine and phenylephrine; effect 
on biepharoptosis of myxedema, 1402 

epinephrine, norepinephrine, and 3- 

methoxy-4-OH-mandelic acid; excretion 
of in children with neuroblastoma, 321 
— epinephrine, norepinephrine: see also 
Adrenal preps. & comps., catechola- 
mines, and 3-methoxy-4-hydroxymande- 
lie acid 
- fluorohydrocortisone; effect on steroid 
excretion in case of bilat. testicular 
tumors+CAH, 518 
~ hydrocortisone; portal vs. peripheral 
venous infusion in dog; effect on plasma 
17-OH-CS, 39 
—— hydrocortisone production and metabo- 
lism (4-C™) influence of thyroid hor- 
mone on, 1231 
—— 36-hy droxy -A® steroids (incl. pregnene- 
triol); excretion in endocrine disorders, 
1304 
—— 68-hydroxycortisol and other polar 
corticoids; significance in human urine, 
1290 
-—— 68-hydroxycortisol, urinary, in adreno- 
cortical hyperfunction, 263 
—— 17a-hydroxypregnenolone as a_ pre- 
cursor of urinary steroids in virilizing 
adrenal adenoma, 1522 
~— 17-ketosteroids: see also Steroids, 17-KS 
—— 17-KGS and 17-KS response to SU- 
4885, dexamethasone, and pyrogen in 
some CNS diseases, 1623 

—-— metabolites of 17-OH-progesterone-4- 
C4 in CAH, 765 

—— metabolites of progesterone, see also 
Progesterone 

—— 3-methoxy-4-OH-mandelie acid and 

catecholamines; excretion of in children 
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PREPARATIONS & COMPOUNDS (cont'd.) 
with neuroblastoma, 321 
——— 3-methoxy-4-OH-mandelic acid and 
catecholamines; excretion of in pheo- 
chromocytoma, 315 
—— norepinephrine: see Adrenal preps. & 
comps., epinephrine 
— 17-OH-CS and ACTH of blood in 
Cushing’s syn, 426 
—— 17-OH-CS and 17-KS excretion; effect of 
oophorectomy oninearly pregnancy, 1119 
—— 17-OH-CS and 17-KS excretion; effect 
of o,p’DDD on in Cushing’s syn., 201 
—— 17-OH-CS and 17-KS in pituitary 
deficiency; effect of HPG admin. on, 575 
—— 17-OH-CS and 17-KS excretion in 
pituitary dwarf treated with HGH, 721 
—— 17-OH-CS and other steroids in case of 
male pseudohermaphrodism, 506 
—— 17-OH-CS in urine in case of steroid- 
secreting testicular tumors +CAH; effect 
of orchiectomy, 51 
—— 17-OH-CS, 17-KS and pregnanediol and 
triol excretion in adrenocort. disorders; 
effect of ACTH, 923 
—— 17-OH-CS of plasma; abnormal diurnal 
pattern in pretectal and temporal lobe 
disease, 695 
~——— 17-OH-CS of plasma, free and conj., in 
relation to surgical trauma, 39 
—— 17-OH-CS of plasma in Cushing’s syn., 
during night and day; 17-KGS and 17- 
KS excretion, 684 
—— 17-OH-CS of plasma in some CNS dis- 
eases; diurnal variations, 1023 
——17-OH-CS of plasma; response to 
ACTH, SU-4885, and pyrogen, 433 
—— 17-OH-CS of plasma; theory of expo- 
nential disposal from single compart- 
ment not valid, 1106 
—— Pettenkofer chromogens in crude ex- 
tracts not an index of DHA excretion, 
1321 
—— Pettenkofer chromogens (DHA-+) 17- 
OH-CS and 17-KS excretion in endo- 
crine disorders, 955 
—— prednisone; effect on insulin-binding 
sapacity of plasma in case of insulin 
resistance, 533 
—— pregnanetriol: see Pregnanetriol; Ster- 
oids 
—— pregnanetriolone: see Pregnanetrio!; 
Steroids 
—— pregnenetriol: see Pregnenetriol; Ster- 
oids 
—— pregnenolone: see Pregnenolone; Ster- 
oids 
—— P-S chromogens produced by placenta, 
1511 
—— radioactive 6a-methylprednisolone; dis- 
position of, 753 
—— steroid pattern, unusual, in infants with 
CAH; effect of hydrocortisone, 860 
—— steroids in urine and bile after admin. of 
17a-OH-progesterone, 1534 
—— steroids, various, in case of CAH with 
spont. abortion, 675 
-— Steroids: see also Steroids 
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ADRENAL (conl'd.) 
PREPARATIONS & COMPOUNDS (cont’d.) 
tetrahydrocortisol, allotetrahydrocorti- 
sol, tetrahydrocortisone, cortolone; ex- 
cretion 
of in young and elderly men, 1413 
—~—— triamcinolone; effect on plasma 17-OH- 
CS and urinary steroids in Cushing’s 
syn., 684 
ADRENALINE: see Adrenal prep. & comp., epine- 
phrine 
ADRENOCORTICOTROPIN (ACTH): see Pituitary 
preps. & comps., ACTH 
ADRENOGENITAL SYNDROME: see Adrenal dis- 
orders 
Arrica (Uele region); endemic goiter in, 996 
ADVENTURES in clinical research on bones and 
stones (Pres. address), 1254 
AGE: see also Children; Pregnancy, fetus 
— effect of body hair growth in women, 1440 
—— effect on ovarian biosynthesis (81-year-old 
woman), 1218 
—— in relation to ovarian stromal hyperplasia, 
472 
—— newborn infants: see Children; Pregnancy 
—— old and young men; adrenocort. function 
and cortisol metab. in; renal, hepatie and 
thyroid function, 1197 
—— postmenopausal women: see Menstrua- 
tion; Ovary 
—— related to histologic type of thyroid can- 
cer, 1596 
—— young and elderly men; metabolism of 
cortisol-4-C™ in, 1413 
—— young men: see also Testis; Sex 
—— young women: see also Ovary; Sex 
ALBUMIN: see Protein 
ALDOSTERONE: see Adrenal preps. & comps. 
ALDOSTERONISM: see Adrenal disorders 
ALKALINITY: see Hydrogen ion cone. 
ALLOTETRAHYDROCORTISOL: see Adrenal preps. & 
comps. 
AMENORRHEA: see Menstruation; Ovary; Preg- 
nancy 
AMERICAN GOITER ASSOCIATION 
—-— change of name to American Thyroid 
Association, 1021 
—— 1961 annual meeting, Philadelphia, 113, 
227, 356, 488 (with program) 

—— recipients of 1961 Van Meter Prize and 
Distinguished Service Award, 744 
AMERICAN THyRorD AssocrATION: see also Ameri- 

‘an Goiter Association 
—— the 1962 Annual Meeting, 1021 
— and Awards, 1343 
Amino Actps: see Nitrogen 
AMMONIA, urinary; cyclical changes during adap- 
tation to DOC-induced Na retention, 1426 
AMPHENONE: see also SU-4885 
—— effect on pregnenetriol excretion in adrenal 
ca., 1304 
ANABOLIC: see also Protein 
—— anabolic action of mestanolone in women 
with tuberculosis, 1099 
-—- growth hormone, human: see Pituitary 
preps. & comps. 
—— steroids: see Steroids 
ANDROGENS: see also Testis; Sex; Steroids 
~—— androgenicity of progestins tested by effect 
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ANDROGENS (cont'd.) 
on prepuberal sebaceous glands, 215 
androstenediol and DHA excretion in 
adrenal ea., 1304 
— androstenedione in Stein-Leventhal ova- 
ries, 1218 
——— androsterone and other 17-KS fractions 
in case of testicular tumors +CAH, 518 
—— androsterone and other 17-KS steroids in 
male pseudohermaphrodism, 506 
— androsterone excretion after admin. of 
17-OH-progesterone-4-C" in CAH, 765 
androsterone intramuscularly; local and 
systemic reactions, 1208 
—— androsterone, orally and i.m.; effect on 
serum lipids and uriaary 17-KS in men 
with heart disease, 1208 
— dehydroisoandrosterone and androsterone 
as a urinary metabolite in a case of viriliz- 
ing adrenal adenoma, 1522 
— dehydroisoandrosterone (DHA): see also 
Adrenal preps. & comps.; Steroids 
— excretion in case of CAH with spont. 
abortion; effect of ACTH, 675 
— excretion in case of Londlaseetl tumor, 91 
— excretion in virilized women; effect of 
estrogen or glucocorticoid therapy, 931 
— incubation of testicular tumor with; ster- 
oids synthesized, 663 
—— isoandrosterone in urine of men with 
heart disease; effect of androsterone ther- 
apy, 1208 
—— mestanolone; protein anabolic action in 
women with tuberculosis, 1099 
- methyltestosterone; effect on clearance of 
infused cortisol in men, 826 
~ methyltestosterone; effect on serum lipids 
in men with heart disease, 1208 
— role in sexual behavior of women, 482 
-—— testosterone and other androgens; for- 
mation of in vitro by arrhenoblastoma, 165 
- testosterone, DHA and androstenedione; 
conversion of pregnenolone-7a-H? to, in 
the fetal testis, 1611 
— testosterone; effect on N balance and 
urinary Ca in acromegaly, 119 
—— testosterone esters (CPP, ENT and HPP), 
long-acting; effect on urinary 17-KS, 271 
—— testosterone in plasma in virilized women 
with adrenal adenoma, and with ovarian 
hilus-cell tumor, 98 
—— testosterone; method for estimation of in 
plasma, 98 
—— unusual steroid pattern in infants with 
CAH, 860 
ANDROSTERONE: see Androgens; Adrenal preps. & 
comps. 
ANDROSTENEDIONE: see Androgens 
ANGINA: see Heart 
ANION exchange resin: see Resin 
ANNOUNCEMENTS: see Endocrine Society; 
under Notices 
ANNUAL MEETINGS: see Endocrine Society; and 
under Notices 
ANOMALIES, congenital: see Children; Familial; 
and under various endocrine disorders 
ANOREXIA Nexvosa: see Nutrition 
ANTIBODIES 
antigen-antibody tests showing sublabial 


and 
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ANTIBODIES (cont’d.) 
absorption of gonadotropin, 579 
i id, in juvenile diabetes, 209 
antithyroid, in pregnancy and newborn, 
792 
—— auto-immune thyroiditis; PBI levels in, 
806 
—— immunologic properties of urinary preps. 
of HM gonadotropins, especially Pergonal, 
478 
——— in study of abnormal iodoprotein in blood 
of some goitrous adults, 1390 
——— insulin-binding antibodies correlated with 
insulin requirements in 2 cases of insulin 
resistance, 533 
to TSH, hemagglutinating and neutraliz- 
ing, 1475 
ANTIDIURETIC HORMONE: see Pituitary preps. & 
comps 
ANTIHISTAMINE; inhibition of I'! uptake by, 739 
ANTIPERGONAL ANTIBODIES: see Antibodies 
AntrpopiEs: see Antibodies; Thy- 
rolc 
AntitHyRoID Drugs: see also Iodine; Methi- 
mazole; Thiouracil; Thiourea; Thyroid dis- 
orders, treatment 
—— Graves’ disease treated with; effect of 
thyroidectomy on thyroxine turnover in, 
336 
——— inhibition of I'*! uptake by parabromdyla- 
mine maleate, 739 
—— preoperative treatment of thyrotoxicosis 
with antithyroid drugs +thyroxine, 72 
-—— thiourea; failure of to prevent hormone 
synthesis after admin. of TSH, 157 
—— thyro-inhibitory substances; difference in 
responses of euthyroid and hyperthyroid 
patients to, 1566 
—— 1,1,3-tricyano-2-amino-1-propene (U- 
9189); antithyroid action of in rats and in 
thyrotoxic patients; toxicity; 128 
Aromatic Acrps 
5-hydroxyindoleacetic acid excretion in 
case of carcinoid and eosinophilic pit- 
adenoma, 735 
—— 5-hydroxvindoleacetic, hippuric, homo- 
vanillic, p-hydroxyphenylacetic and indo- 
leacetic acids; new method for; values in 
carcinoid, 1500 
ARRHENOBLASTOMA: see Ovary; Tumors 
ARTERIES: see Vascular system; Heart 
ARTERIOSCLEROSIS: see Vascular system 
Assays: see Methods 
ASSEMBLIES: see Endocrine Society; and under 
Notices 
ATHEROSCLEROTIC heart disease; see Heart 
ATHF (allotetrahydrocortisol) : see Adrenal preps. 
& comps. 
AuTHorR INDEX to Volume 21, 1619 
AUTOANTIBODIES: see Antibodies 
Auto-IMMUNE: see Antibodies 
Awarps: see Endocrine Society; 
Notices 


and under 


inks: METABOLISM: see also Thyroid: Iodine 
—— and cortisol metabolism in old and young 
men, 1197 
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BasaAL METABOLISM (cont'd.) 
—— and electrical capacity of the skin in 
thyroid diseases, 1054 
and serum cholesterol, dissociation in re- 
sponse to Triac in myxedma, 1044 
—— early metabolic effects of hog TSH on in 
normal and myxedematous subjects, 1494 
—— effect of iodine and thyroid preps. on, see 
also Iodine; Thyroid 
effect of magnesium loading on, in thyroid 
disease, 31 
—— effect of U-9189 on in thyrotoxicosis, 128 
eumetabolic goitrous adults, abnormal 
iodoprotein in blood of, 1390 
—— euthyroid hypermetabolism (in leukemia): 
effect on cortisol removal rates, 1248 
—— in dystrophia myotonica; effect of thyroid 
therapy, 1592 
——— in thyroid disorders, see also Thyroid 
—— oxygen consumption and cholesterol level; 
effect of chlorine derivatives of thyronine 
on, 1579 
BASOPHILS: see Pituitary, physiol. & path. 
BEI (butanol-extractable iodine): see Iodine 
Benzorc-Actp ADSORPTION: see Methods 
BIL (butanol-insoluble iodine): see Iodine 
Bite; Brirary: see Liver and Gall Bladder 
BILIRUBIN: see Liver and Gall Bladder 
BINDING Systems: see Blood; Proteins; 
preps. & comps. 
Bro-Assays: see Methods 
BroLoaic CHARACTERIZATION of human gonado- 
tropins, 839 
2,2-Bis (2-CHLOROPHEN YL-4-CHLOROPHENYL)- 
1,1-DicHLOROETHANE: see 0,p'DDD 
BLADDER 
— gall bladder: see Liver 
—— urinary bladder: see: Urine; 
BLEPHAROPTOSIS: see Eyes 
Boop: see also under constituent or under dis- 
order involved 
abnormal iodoprotein: see Iodine; Protein 
CTH: see Pituitary preps. & comps. 
ACTH 
adrenal steroids: 
comps. 
—— agammaglobulinemia; effect of HGH in 
case of, 119 
amino acid nitrogen: see Nitrogen 
androgen: see Androgens 
antibodies: see Antibodies 
autoantibodies: see Antibodies 
—— butanol-extractable iodine (BEI): see 
Iodine 
—— butanol-insoluble iodine (BIT): 
dine; Thyroid preps. & comps. 
—— calcium, see Calcium 
——  eatecholamines; see 
comps. 
—— chloride: see Electrolytes; Sodium 
cholesterol: see Cholesterol 
clearances: see under substance involved 
conjugated and free 17-OH-CS: — see 
Adrenal, preps. & comps. 
corticoids; corticosteroids; 
also Adrenal preps. & comps. 
corticosteroid-binding globulin and estro- 
gen-induced binding system of, 53 


Thyroiu 


Kidney 


see Adrenal, preps. & 


see lo- 
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cortisol: see 


SUBJECT INDEX TO VOLUME 21 


1651 


(cont’d.) 
disposal of 17-OH-CS; theory of single 
compartment not valid, 1106 
——— distribution of cortisol between cells and 
plasma, 1146 
—— diurnal pattern in rate of thyroxine!*! dis- 
appearance from, 582 
— electrolytes: see Electrolytes 
—— enzymes: see Enzymes 
—— epinephrine and norepinephrine, in vari- 
ous states, 281, 296 
epinephrine and see also 
Adrenal preps. & comps. 
— erythrocyte I'-T; uptake in hyperthy- 
roidism with low TBG, 1455 
—— erythrocyte sed. rate in diagnosis of H. 
thyroiditis vs. nontoxic adenoma, 879 
—— erythrocyte uptake of I''-T;; effect of 
diphenylhydantoin, 252 
—— erythrocytes and plasma; clearance of 
radioactive metabolites from, 753 
— exophthalmos-producing substance in, see 
Eyes, exophthalmos 
—free and conjugated 17-OH-CS: see 
Adrenal preps. & comps. 
— glucose: see Carbohydrate metab.; 
betes; Insulin 
— hepatic venous blood; 68-hydroxycortisol 
content of after large doses of cortisol, 
1328 
—— hypercalcemia: see Calcium 
—— hyponatremia, during prolonged admin. 
of vasopressin and water, 231 
——— insulin: see Insulin 
——— insulin-binding antibodies: see Antibodies; 
Insulin 
—— iodine: see Iodine 
-jodotyrosines and iodothyronines: see 
Iodine; Thyroid preps. & comps. 
— 17-ketosteroids: see Steroids, 
steroids 
—— leukemia; effect of chemotherapy on 
cortisol removal rate in, 1248 
—— leukocytes: see also Sex, chromatin 
—— leukocytes and bone marrow cells with 
duplicated sex chromatin, in Klinefelter 
subjects; XXXY chromosome complex, 
491 
——— lipids and lipoproteins: see Lipids; Pro- 
teins 
—— methods for det’n of constituents: see 
Methods; Tests 
—— mono- and diiodotyrosine: see Thyroid 
preps. & comps. 
——of spermatic vein; 
content in case of 
CAH, 663 
—— 17-OH-CS: see Adrenal preps. & comps. 
— osmolality: see Osmolality 
——oxytocie activity: see Pituitary preps. & 
comps. 
—— PBI determined in 
contaminants, 1272 
—— PBI: see also Iodine 
——— phosphatase, acid or alk.: see Enzymes 
—— phosphorus: see Phosphorus 
—— plasma of umbilical cord: see Pregnancy 
—— plasma patterns of adrenal hormones: see 
Adrenal preps. & comps. 
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BLoop (cont’d.) 
— plasma patterns of thyroid hormones: see 
Thyroid preps. & comps.; Iodine 
—— potassium: see Potassium; Electrolytes 
—— pressure: see Vascular system 
—— progestin in blood of newborn infants, 862 
— protein-bound iodine: see Iodine 
proteins: see Protein: Nitrogen 
— quantitative extraction and partial purifi- 
cation of steroids in, 62 
-radioiodinated compounds: see Iodine, 
radioactive; Thyroid preps. & comps. 
— renal clearance: see Kidney 
—— resin uptake of T,!*! from serum, 1448 
review of methods for det’n of cortisol and 
corticosterone, in, 1146 
— serum gonadotropin applied sublabially; 
absorption of, 579 
—— serum; half-time of Tetrac, 1548 
— serum; half-time of Triac, 1548 
— serum; resin uptake of I'*!-T; from as test 
of thyroid function, 456 
— single plasma sample; independent esti- 
mation of 11-desoxycortisol and cortisol in, 
943 
— smears for det’n of genetic sex: 
chromatin 
~ spermatic vein blood; steroid content in 
case of CAH with bilat. testicular tumors, 
518 
- steroids; see Adrenal preps. & 
Steroids 
— sugar: see Carbohydrate metab.; 
betes; Insulin 
-- testosterone; method for estimation of, 98 
thiocyanate level correlated with thyro- 
inhibitory effect, 1566 
thyroglobulin: see 
comps. 
thyroid activator: see Thyroid preps. 
comps. 
- thyroid antibodies: see Antibodies 
— thyroid substances: see Thyroid preps. 
comps. 
— thyrotropin (TSH): see Pituitary preps. 
comps., TSH 
—— thyroxine: see Thyroid preps. & comps.; 
Iodine 
thyroxine-binding protein (TBP or TBG): 
see Thyroid preps. & comps. 
— — triiodothyronine and other iodinated sub- 
stances: see Thyroid preps. & comps. 
-—— TSH; daily variation, 1127 
—— TSH of plasma; fractionation, 1280 
—— TSH: see also Pituitary preps. & comps. 
—— unesterified fatty acid; effect of HGH on 
in dwarfism and acromegaly, 119 
—— xylulose of serum in normal and pento- 
suric subjects, 887 
BLoop Pressure: see Vascular system 
Bone: see also Calcium; Parathyroids 
—— bones and stones; adventures in clinical 
research (Pres. address), 1254 
——— bones of a child with gigantism, 343 
—— lesions in hyperparathyroidism, before 
and after removal of infarcted adenoma, 
196 
-~— bone marrow cells: see Blood 


see Sex, 


comps. ; 
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BoNnE (cont’d.) 
maturation in pit. dwarf treated with hu- 
man growth hormone, 721 
—— osteoporosis, postmenopausal; hypercal- 
cemia due to vit. D therapy in, 101 
—— Paget’s disease, osteoporosis and hypo- 
para’m studied with Ca*® and Sr®, 611 
——— skeletal function studied by continuou: 
infusion of Ca* and Sr®, 611 
Book ReEarstER, 116, 230, 359, 749, 1192 
BovINE: see Species 
Bratn: see also Mental; Nervous system; Stres: 
—— cerebral disease with seizures treated with 
diphenylhydantoin; effect on PBI, 252 
—— CNS disorders; disturbance of pituitary 
adrenal interrelationships in, 1023 
—— EEGin hyperparathyroidism, 196 
—— EEG in hypoparathyroidism, 219 
——— hypothalamus or temporal lobe disorders; 
17-KGS response to SU-4885 and pyrogen; 
diurnal plasma 17-OH-CS, 102: 
—— pretectal and temporal lobe disease; ab- 
normal diurnal pattern of plasma 17-OH- 
CS in, 695 
—— tranquilizers; 
uremia, 1489 
Breast: see also Ovary 
abnormal development 
assoe’d with, 80 
gynecomastia: see also Testis 
—— intermittent precocious development of, 
assoe’d with bronchitis, 80 
—— lactating women; oxytocic 
blood, 985 
—— lactation after successful pregnancy foll’g 
hypophysectomy in 12th week, 1139 
—— lactation, drug-induced, in uremia, 1489 
—— oxytocin: see Pituitary preps. & comps. 
Broncut; Broncuittis: see Lungs and Bronchi 
BSP retention: see Liver and Gall Bladder, tests 
BuccaL smears, for estimation of sex chromatin: 
see Sex 
BuTANOL-EXTRACTABLE TopINE (BEIT): 
dine; Thyroid preps. & comps. 
BuraNnoL-INSOLUBLE IopINE (BIT): 
Thyroid preps. & comps. 


lactation induced bv in 


conditions 


of; 


activity of 


see Io- 


see Iodine; 


Ci: see Radioactive 
CAH (congenital adrenal hyperplasia): see Adre- 
nal disorders 
Ca.cium: see also Bone; Parathyroids 
bones and stones, 1254 
—— calcium; continuous infusion of in study 
of skeletal function, 611 
—— excretion following magnesium loading, 3! 
——— hypercalcemia as complication of vit. 1 
therapy in postmenop. osteoporosis, 10! 
——hypocaleemic tetany after infarct 
adenoma in hy perparathyroidism, 196 
—— metabolism in dwarfism and acromegal; 
after admin. of HGH ‘or androgen), 11! 
—— metabolism in hypoparathyroidism re- 
sponsive to MgSO, after resistance to other 
medications, 219 
—— of serum and urine; effect of removal o 
neck cyst in a case of hyperparathy’m, 83: 
CANCER: see also under organ involved 
—— arrhenoblastoma: see Ovary 
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CANCER (cont’d.) 

——— carcinoid, metastatic; urinary aromatic 
acids in a case of, 1500 

—— carcinoid of recto-sigmoid assoe’d with 
esosinophilic adenoma of pituitary, 735 

—— chemotherapy (3 agents); effect on cortisol 
removal rate in leukemia, 1248 

—— fibrosarcoma assoe’d with spont. hypo- 
glycemia; insulin activity in,-541 

——— neuroblastoma; excretion of catechola- 
mines and 3-methoxy-4-OH-mandelic acid 
in children with, 321 

—— of adrenals: see also Adrenal disorders; 
Cushing’s syn. 

—— of the thyroid; statistical study of 390 
patients; 40-year period, 1596 

—— of the thyroid, see also Thyroid disorders 

—— patients bilat. adrenalectomized for: see 
Adrenal disorders 

——— patients hypophysectomized for: see Pitui- 
tary disorders 

CARBOHYDRATE METABOLISM: see also Diabetes; 

Insulin; Pancreas 

—— blood sugar and insulin levels; effect of 
leucine on in case of pancreatic adenoma, 
1498 

—— glucagon-free insulin tolerance test, rapid, 
401 


~— glucose and amino acids of blood; effect of 
progesterone on, 1355 
—— glucose tolerance in Cushing’s syn.; effect 
of o,p? DDD on, 201 
—— glucose tolerance in gigantism, 343 
—— glucose tolerance in pit. dwarf treated 
with human growth hormone, 721 
—— glucose uptake inhibitor in fibrosarcome 
assoe’d with spont. hypoglycemia, 541 
~ glucose utilization and response to insulin; 
new method for assessing, 387 
—— hypoglycemia, idiopathic, and dwarfism; 
effect of HGH in, 119 
—— hypoglycemia, insulin-induced; effect on 
plasma catecholamines, 231, 296 
—— hypoglycemia of islet-cell tumor; effects 
of leucine and glycine before and after op., 
401 
—— hypoglycemic states; diagnostic value of 
Na tolbutamide, 371 
—— influence of thyroid function on, 387 
—— pentose metabolism in normal and pento- 
suric subjects; effect of glucuronolactone, 
887 
CARCINOID: see Cancer 
CarciINoMA: see Cancer; and under organ involved 
CARDIOVASCULAR: see Heart; Vascular system 
CASTRATION: see Ovary; Testis 
CaTapouic influence of progesterone; effect of 
dietary protein on, 1345 
CATECHOLAMINES: see Adrenal preps. & comps., 
epinephrine, norepinephrine 
Cetus: see also Nuclei; and under various en- 
docrine glands 
basophils of hypophysis; two types, 732 
—— determination of sex by nuclear chromatin 
pattern: see Sex 
—— interstitial: see Testis 
—— interstitial-cell stimulating hormone 
(ICSH): see Pituitary preps. & comps. 
—— karyotypic analysis: see Nuclei; Sex 
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CELLS (cont'd.) 
leukocytes; nuclear 
relation to sex: see Sex 
——— nuclear changes: see also Nuclei 
——of pituitary gland: see also Pituitary 
physiol. & path 
— of skin, buccal mucosa and bone marrow; 
sex chromatin pattern: see Sex 
CENTRAL NERVOUS System: see Brain; Nervous 
System 
CEREBRAL see Brain 
CERTIFICATE OF Merit: see Endocrine Society 
CHEMOTHERAPY: see Cancer 
CHILDREN: see also Age; Familial; Growth; Preg- 
nancy, fetus; and under various endocrine 
disorders 
-——— boy with adrenal ca. excretion of preg- 
nenetriol and DHA, 1304 
boy with bilat. steroid-secreting testicular 
tumors complicating congen. ad. hyper- 
plasia (salt-losing), 518 
catecholamines and metabolites; excretion 
of in neuroblastoma, 321 
— congenital adrenal hyperplasia: see also 
Adrenal disorders 
— congenital goitrous cretinism: see Thyroid 
disorders, hypothyroidism 
—-eretinism and juvenile hypothyroidism: 
see also Thyroid disorders, hyperthyroid- 
ism 
— dwarfism: see Dwarfism 
— fetal testis; steroidogenesis in, 1611 
— fetus, aborted; blood iodine in fetus and 
mother, 779 
— fetus: see also Pregnancy 
——gigantism in 5-year-old girl, 
over 11-year period, 343 
—— girl with intermittent precocious breast 
development assoe’d with episodes of 
bronchitis, 80 
—— girl with pancreatic adenoma; effect of 
leucine on plasma insulin, 1498 
—— growth hormone: see Pituitary preps. & 
comps. 
—— infant, male, with 
adrenogen. syn., 1087 
—— infants with CAH; unusual steroid pat- 
tern; enzyme deficiency, 860 
——— juvenile diabetics vs. normal and hyper- 
thyroid children; antithyroid antibodies 
in, 209 
newborn infants; plasma cortisol in early 
neonatal period, 414 
—— newborn infants; progestin in blood of, 
862 
——— newborn; thyroid antibodies in blood, 792 
—— newborn; TSH in umbilical cord blood, 
1013 
—— normal, young; gonadotropin-inhibiting 
substance in urine, 1267 
—— pituitary dwarfs: see Pituitary disorders 
puberty, precocious: see Puberty; Ovary; 
Testis 
CHLORIDE (SALT): see Electrolytes; Sodium 
CHLORINE derivatives of thyronine; effect on 
serum and liver cholesterol and myocardium, 
1579 
6-CHLOoRO,6-DEHYDRO, 17a-ACETOXYPROGESTER- 
ONE (RS-1280): see Progesterone 


characteristics in 
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CHOLESTEROL: see also Fat; Lipids 
—— cholesterol-x-H*; quant. extraction from 
tissues and blood, 62 
——of serum and BMR; 
sponse to Triac in myxedema; 
hypercholesteremia therapy, 1044 
— cholesterol of serum; effect of androsterone 
orally versus i.m. in men with heart dis- 
ease, 1208 
— of serum or liver, and myocardial stimula- 
tion; effect of "chlorine derivatives of 
thyronine on, 1579 
CHORIONIC GONADOTROPIN: 
Pregnancy 
CHROMATIN, nuclear: see Sex; Nuclei 
CHROMATOGRAPHY: see Methods 
CHROMOGENS (Pettenkofer and Porter-Silber): 
see Adrenal preps. & comps.; Steroids 
CHROMOSOMES: see Sex; Nuclei 
Crpa Awarp: see Endocrine Society, awards 
Crrruosis: see Liver 
CiIMAcTERICc: see Estrogens; Menstruation;Ovary; 
Co.LLoauta: see Notices 
COMPARTMENT, single; exponential disposal of 
plasma 17-OH-CS from not valid, 1106 
CONFERENCE; CONGRESSES; CONVENTIONS: see 
Notices 
CONGENITAL: see also Children; Familial; 
under various endocrine disorders 
——- adrenal hyperplasia: see Adrenal disorders 
cretinism: see Thyroid disorders, hypo- 
thyroidism 
—— gonadal dysgenesis: see Ovary; Testis 
—— hypothyroidism: see Thyroid disorders, 
hypothyroidism 
Conao,* Republic of: Uele 
region of, 175, 996 
ConsuGATED Strerorips: see Adrenal preps. & 
comps.; Steroids 
ContTENTs of Vol. 21, page i (December issue) 
Coronary heart Me see Heart 
Corpus LutTEetm: see Ovary 
Corticorps: CorTICOsTEROIDS: see Adrenal preps. 
«& comps.; Steroids 
CorTICOSTERONE: see Adrenal preps. & comps. 
Corticorropin (ACTH): see Pituitary preps. & 
comps., ACTH 
Cortisou: see Adrenal preps. & comps. 
CortiIsone: see Adrenal preps. & comps. 
CortTo.one: see Adrenal preps. & comps. 
CoursEs: see Endocrine Society (Postgrad. As- 
sembly); and under Notices 
CREATINE; CREATININE: see Nitrogen 
CretinisM: see Thyroid disorders, hypothyroid- 
ism 
CusHINnG’s SYNDROME: see also Adrenal disorders 
- ACTH of blood in patients bilat. adre- 
nalect’d for, 426 
—— ACTH; urinary assay of in differential 
diagnosis, 140 
—— adrenocortical hyperfunction; 
of 68-OH-cortisol in, 263 
—— effect of ACTH, SU-4885 and pyrogen on 
plasma 17-OH-CS in diff. diagnosis, 433 
—— excretion of DHA, 17-OH-CS and 17-KS, 
excretion of pregnanediol and triol, 
17-OH-CS and 17-KS; effect of ACTH, 
923 


dissociation in re- 
possible 


see Gonadotropins; 


and 


endemic goiter in 


excretion 
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CuUSHING’s SYNDROME (cont’d.) 

—— 66-hydroxycortisol excretion, 1290 
nontumorous; treatment with o,p’ DDD: 
decrease in adrenocort. function, 201 

—— plasma 17-OH-CS, and urinary 17-KG§ 
and 17-KS during night and day, 684 

—— pregnenetriol and DHA excretion, 1304 

—— with adrenal hyperplasia; 11-desoxycorti- 
sol and cortisol of plasma in SU-4885 test, 
943 

Cycuica.: see also Diurnal; Menstruation 
——— pattern of renal excretion during adapta- 
tion to DOC-induced Na retention, 1426 
CYCLOPENTYL PROPIONATE (CPP): see Androgens, 
testosterone 
Cystic lesion in neck; cure of hyperparathyroid- 
ism after removal, 833 


Dai (phenformin); effect insulin-binding 
capacity of plasma in case of insulin-resistant 
diabetes, 533 

0,p’DDD; effect. on adrenocortical function in 
Cushing’s syn., 201 

DEHYDRO(EPI OR ISO)ANDROSTERONE(DHA): see 
Adrenal preps. & comps.; Androgens 

DEHYDROGENASE: see Enzymes 

DE(S)OXYCORTICOSTEROIDS; Dr(s)OxXYCORTI- 
COSTERONE; DE(S)O0ZYXCORTISOL: see Adrenal 
preps. & comps. 

11-DEsoxycortTIsoL: see Adrenal preps. & comps. 

DeEsoxyrRIBONuCLEIC Acip (DNA); in nuclei of 
rat thyroid cells; changes foll’g I'*! radiation, 
699 

DEXAMETHASONE: see Adrenal preps. & comps. 

D1aBETEs INsrpipus: see Pituitary disorders 

DiaBetes Me tutus: see also Carbohydrate 
metab.; Insulin; Pancreas 

catecholamines of blood in, 281 

—— glucose (sugar) tolerance tests: 
Carbohydrate metab. 

——- insulin; see also Insulin 
insulin-resistant diabetes; effect of DBI, 
533 

—— juvenile diabetics; 
in, 209 
resistance to insulin; requirements corre- 
lated with insulin-binding antibodies, 533 
tolbutamide test; value of, 371 

Dratysis; effect on glucose-uptake in fractions of 
a fibrosarcoma, 541 

DICHLORO(DIIODO)THYRONINE: see Thyroid preps. 
& comps.; Thyronine 

Diet: see also Nutrition 

———- dietary iodine; effect on goitrogenic re- 
sponse to propylthiouracil and U-9189, 128 
— dietary protein; effect on catabolic influ- 
ence of progesterone, 1345 
lack of Iin food and water in Uele endemic 
goiter region, Rep. Congo, 175 

DIIlODOTHYRONINE: see Thyroid preps. & comps. 

Di1opoTyYRoOsINE: see Thyroid preps. & comps. 

DIPHENYLHYDANTOIN; depression of serum PBI 
by; interference with thyroxine binding, 252 

DissocraTION of response to Triac in myxedema, 
1044 

Diuretics in the study of aldosterone antago- 
nists, 1364 


see also 


antithyroid antibody 
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early morning plasma levels of 11-desoxy- 

cortisol and cortisol, 943 

excretion of sodium and water; changes in 

during adaptation to DOC-induced Na 

retention, 1426 

——morning and afternoon excretion § of 
catecholamines, 305 

—— 17-OH-CS after dexamethasone in normal 
subjects, 1106 

—— pattern in rate of disappearance of I'*!-T, 
from serum, 582 

—— pattern of plasma 17-OH-CS abnormal in 
pretectal and temp. lobe dis., 695 

—— variation in 17-OH-CS in some CNS 

diseases, 1023 

variation in plasma 17-OH-CS lacking in 

Cushing’s syn., 684 

various times of day; plasma corticosteroid 

levels, 1146 

Dose-Response characteristics of purified bovine 
TSH, 1469 

Drua-INpucEp lactation in, uremia, 1489 

Drumsticks: see Nuclei; Sex 

DwarrFisM: see also Growth; and under various 
endocrine disorders 

associated with endemic goiter, Uele 

region, Rep. Congo, 175 

cretinism: see Thyroid disorders, hypo- 

thyroidism 

dwarfism and acromegaly; metabolic 

studies with human growth hormone, 119 

—gonadal dysgenesis; see Ovary; Testis 

pituitary dwarf; long-term effects of 

HGH (Li) in, 721 

pituitary dwarfism: see also Pituitary dis- 

orders 

DysGENEsIs, gonadal: see Sex; Ovary; Testis 

Dystroput1a Myoronica: see Muscle 


= Letters to: see Letters to the Editor 
ELDERLY: see Age 
EvectrricaL Capacity of the skin in thyroid dis- 
eases; correl. with BMR and I'*! uptake, 1054 
ELECTROCARDIOGRAM (ECG): see Heart 
LECTROENCEPHALOGKAM (EEG): see Brain 
ELECTROLYTES: see also Calcium; Magnesium; 
Potassium; Sodium 
electrolyte and ECG disturbance in infant 
with adrenogen. syn. and hypospadias, 
1087 
—— electrolyte metabolism; effect of sustained 
admin. of vasopressin and water on, 231 
ELECTROPHORESIS: see Protein; Methods 
Emotion: see Mental 
ENANTHANATE (ENT): see Androgens, testoster- 
one 
ENpEmic Gorter: see Thyroid disorders 
ENDOCRINE SocreTy 
ANNUAL MEETINGS 
Forty-third, New York, N. Y., June 22-24, 
1961 
—- announcements of, 110, 224, 354, 485, 
591, 741 
program, 591 
Forty-Fourth, Chicago, Ill., Jine 21-23, 1962 
announcements of, 1015, 1189, 1339, 
1505, 1614 
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ENDOCRINE Society (cont’d.) 
AWARDS (Fred Conrad Koch Award; Ciba 
Award; Ayerst Fellowship; Squibb Fel- 
lowship; Upjohn Scholar and Awards) 
For 1961 
—— announcements of, 111, 225, 354, 485, 
599, 742 
recipients of, 869 
For 1962 
announcements of, 875, 1015, 1189, 
1341, 1507, 1616 
CERTIFICATE OF MERIT, presented to Henry H. 
Turner, 874 
FELLOWSHIPS: see Endocrine Society, awards 
FRED CONRAD KOCH AWARD: see Endocrine 
Society, awards 
JOURNAL OF CLINICAL ENDOCRINOLOGY AND 
METABOLISM: see Journal 
OFFICERS, COUNCIL, PUBLICATION AND FINANCE 
COMMITTEE, EDITORIAL BOARD AND EDITORS 
For 1960-61: see general information 
pages, front advertising section, Jan.— 
July issues 
—— For 1961-62: see Ibid. Aug.—Dec. 
issues 
POSTGRADUATE ASSEMBLY IN ENDOCRINOLOGY 
AND METABOLISM (Thirteenth), Bethesda 
Md., Oct. 2-6, 1961; co-sponsor, The 
National Institutes of Health 
announcements of, 487, 601, 744, 877, 
1017 (with program), 1191 
PRESIDENTIAL ADDRESS, 1254 
SCHOLAR: see Endocrine Society, awards 
ENDOCRINES; ENDOCRINOLOGY: see also Andro- 
gens; Estrogens; Gonadotropins; Insulin; 
Progesterone; Steroids; and under various 
endocrine glands 
endocrine disease; excretion of A°-preg- 
nenetriol in, 1304 
Endocrine Society: see Endocrine Society 
ENDOMETRIUM: see Menstruation; Uterus 
ENZYMES 
aldolase, LDH and transaminase of serum 
in dystrophia myotonica, 1592 
—— deiodination: see also Iodine; Thyroid 
preps. & comps. 
enzymatic activity in testicular tumors 
complicating CAH, 663 
enzymic methylation of hydroxyestradiol 
to methoxyestradiol by human liver, 1331 
—— 6-glucuronidase-released conj. P-S chro- 
mogens; inhibition by 1,4-saccharolactone, 
1511 
—— 38-hydroxy dehydrogenase; deficiency of 
in CAH, 860 
—— l6a-hydroxylase in human ovary, 1376 
xylitol dehydrogenases in normal and 
pentosuric subjects, 887 
EosINopHILic ADENOMA: see Pituitary disorders 
EPINEPHRINE: see Adrenal preps. & comps. 
EPrestTRIOL: see Estrogens 
Eryturocytss: see Blood 
EstrRApIoL; Estrin; Esrriot; EstroNne: see 
Estrogens 
EstroGEnNs: see also Menstruation; Ovary; Pro- 
gesterone; Pregnancy; Sex; Steroids; Uterus 
C'-178-estradiol, with or without HGC; 
metabolism to estrone, estriol, epiestriol 
and methoxyestrone, 895 
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EstrRoGENs (cont'd.) 
—— C"-estrogens; quant. extraction of from 
tissues and blood, 62 
— enzymic methylation of hydroxyestradiol 
to methoxyestradiol by human liver, 1331 
— estrogen excretion and vag. smear in 
amenorrhea; effect of single inj. of human 
pit. FSH on, 1068 
~ estrogens; enzymatic conversion of testo- 
sterone to, for estimation of t. in plasma, 98 
— estrogen-induced binding system. of 
plasma; binding of cortisol and aldosterone 
by; effect of temperature, 53 
estrogen-treated patients; 
uptake test in, 456 
estrone, 178-estradiol and estriol excre- 
tion afteroophorectomy in early pregnancy, 
1119 
estrone; lack of influence on by gonado- 
tropin inhibitor in urine of young children, 
1267 
— ethinyl estradiol and Manvene; effect on 
PBI in men and women with athero- 
sclerotic heart disease, 243 
— ethinyl estradio!, 17a-ethyl-19-nortesto- 
sterone and methyltestosterone; effects in 
clearance of infused cortisol in men, 826 
—— ethinyl estradiol or stilbestrol; effect on 
17-KS excretion in hirsute women with 
menstrual disorders, 931 
excretion in cases of Leydig-cell tumor, 91 
- excretion in successful pregnancy foll’g 
hypophysectomy, 1139 
2-hydroxyestrogens; transmethylation of 
by human tissue, 211 
lack of formation of by arrhenoblastoma 
in vitro, 165 
ovarian “‘estrogenic”’ stromal hyperplasia; 
pathologic correlations, 472 
1l-oxygenated estrogens; conversion of 
4-C'-cortisone acetate to, 624 
stilbestrol therapy; effect on gigantism in 
child, 343 
urinary; hypersecretion of by 4-yvear-old 
girl, in assoc. with episodes of bronchitis, 
80 
-urinary, in male pseudohermaphrodism, 
before and after orchiectomy, 506 
ESTRONE: see Estrogens 
EstrapIo.: see Estrogens 
see Progestins 
(Norlutin): 
see Steroids; Progestins 
ETIOCHOLANOLONE: see also Steroids ; 
—as a metabolite of 17a-OH-progesterone, 
1534 
—as a urinary metabolite in a case of viriliz- 
ing ad. adenoma, 1522 
— excretion after admin. of 
gesterone-4-C" in CAH, 765 
—— excretion in case of CAH with spont. 
abortion; effect of ACTH, 675 
—— excretion in case of testicular tumors 
+CAH, 518 
—— excretion in infant with adrenogen. syn. 
and hypospadias, 1087 
excretion in male pseudohermaphrodism; 
effect of CG, 506 
excretion in men with heart disease 


resin 


17-OH-pro- 
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ETIOCHOLANOLONE (cont'd.) 
treated with androsterone, 1208 
—excretion in virilized women; effect of 
estrogen or glucocorticoid therapy, 931 
EuNucnisM; Eunucuorpism: see Testis disorders 
KuTHYROIDAL HypERMETABOLISM: see Basal me- 
tabolism; Leukemia 
Exercise; effect on blood and urinary catechola- 
mines, 281, 305 
EXopHTHLAMiIc GorTER: see Thyroid disorders, 
hyperthyroidism 
EXoPHTHALMOS: see Eyes; Thyroid disorders, 
hyperthyroidism 
SUBSTANCE (EPS): 
see Eyes; Thyroid disorders, hyperthyroidism 
EYEs 
—— blepharotosis of myxedema; relation to 
sympathetic n. system, 1402 . 
— changes in during treat. of thyrotoxicosis 
with antithyroid drugs, 72 
—— exophthalmos: see also Thyroid disorders, 
hyperthyroidism 
— exophthalmos; thyroid activator in serum 
of patients with, 635 7 
——— exophthalmos-producing substance in 
serum of patients with progressive exoph., 
648 


F, MILIAL: see also Children 
— genetic defect as explanation of decreased 
TBG in 2 sisters with hyperthyroidism, 
1455 
— goitrous cretinism; inheritance of defec- 
tive organification of I in, 21 } 
——pentosuria oceurring predominantly in 
Jewish families; metabolic factors in trans- 
mission, 887 
— periodic paralysis; sodium and K me- 
tabolism, 1079 
Fat: see also Cholesterol; Lipids; Obesity 
-—— triglycerides of serum; effect of andro- 
sterone on, 1208 
unesterified fatty acid (UFA); effect of 
HGH on in dwarfism and acromegaly, 119 
Farry Acrp: see Fat 
FECAL excretion: see Gastro-intest. tract 
FeLLowsuips: see Endocrine Society, 
FEMALE; FEMINIZATION: see Ovary; Sex 
FERTILITY: see Ovary; Pregnancy; Testis 
Fetus: see Children, newborn; Pregnancy 
Fiprosarcoma: see Tumors; Cancer 
FINGERPRINT identification of gonadotropins, 1, 
839, 1260 
FLUOROCORTISOL; FLUOROHYDROCORTISONE: see 
Adrenal preps. & comps. 
HorMoNE (FSH): 
Gonadotropins 
Frep Conrap Kocu Awarp: see Endocrine 
ciety, awards 
FSH: see Gonadotropins 
see Species 


awards 


see Breast 

GALL BiappeER: see Liver and Gall bladder 

GAMMA-GLOBULIN: see Protein 

GANGLIONEUROBLASTOMA: see Nervous system; 
Tumors, blastoma 
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see Gastro-intestinal tract 
Tract: see also Liver and 


excretion of ACTH in, 


GASTRECTOMY: 
GASstTRO-INTESTINAL 
Gall Bladder 
—- anorexia nervosa; 
140 
—— anorexia nervosa: see also Nutrition 
— fecal excretion of radioactive progesterone 
vs. cortisol groups of steroids, 753 
——feeal N, K and P excretion in 
treated with mest: anolone, 1099 
—— gastrectomy; effect on ‘plasma free and 
conj. 17-OH-CS, 39 
—— recto-sigmoid carcinoid assoe’d with eo- 
sinophilic adenoma of pituitary, 735 
—— starvation: see Nutrition 
GENETIC: see Familial; Nuclei; Ovary; 
GIGANTISM: see Pituitary disorders 
GLOBULIN: see Protein 
GLOMERULAR FILTRATION Rave: see Kidney 
see Carbohydrate metabolism 
GLucocorticorps: see Adrenal preps. & comps. 
GLUCOSE: see Carbohydrate metab.; Diabetes; 
Insulin 
GLUCURONOLACTONE; effect on levels of L- -xylulose, 
and pentose, 887 
GuyctNnE; effect on blood sugar in islet-cell tumor, 


women 


Testis; Sex 


GLycosuRIA: see Carbohydrate metab.; Diabetes 
Gorrer: see Thyroid disorders 
GONADAL DyYSGENESIS: see Ovary; 


GONADOTROPINS: see also Pituitary 


Testis; Sex 
preps. 


comps.; Pregnancy 
——and menstruation; reappearance after 
hormonal treatment of Sheehan’s syn., 
1007 
—— chorionic; effect on steroid excretion dur- 
ing admin. of dexamethasone in male 


pseudohermaphrodism, 506 
— chorionic; effect on steroid excretion in 

case of bilat. testicular tumors+CAH, 518 

—— excretion in male pseudohermaphrodism, 
506 

—— FSH and ICSH; excretion of in different 
phases of the menstrual cycle, 976 

—— FSH excretion in pit. dw arf treated with 
human growth hormone, 721 

—— gonadotropin-inhibiting substance in urine 
of normal young children, 1267 

—— HCG; effect on metab. of estradiol by 
placenta, 895 

—— HMG, urinary; 
of, 478 

—— HPG from postmenop. 
tive activities, 603, 1260 

—— HPG; method for purification of for 
clinical assays, 856 

— HPG, ps irenterally administered; absorp- 

tion and excretion of; plasma and urine, 
575 

—— HPG; purification of from normal male 

urine, 1 

human pituitary FSH (with or without 

HCG); effect of single injection on estrogen 

excretion and vag. smear in amenorrhea, 

1068 

——— in cases of Leydig-celi tumor, 91 

——in successful pregnancy foll’g hypophy- 
sectomy, 1139 

Pergonal; immunologic properties of, 478 


immunologic properties 


urine; ¢o mpara- 
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GONADOTROPINS (cont'd.) 
—— sublabial serum gonadotropin; absorption 
of, 579 

—-two HPG preps. from postmenopausal 
urine (Pergonal and HMG-J5); compari- 

son, 1063 
— urinary, before and after orchiectomy, in 
case of CAH +bilat. testicular tumors, 518 
— urinary; hypersecretion of by 4-year-old 
girl, in assoc. with episodes of bronchitis, 


— urinary, in child with gigantism, 343 
-— urinary, in women with sclerotic ovaries; 
effect of ‘glucocorticoid therapy, 931 
— —urinary, of men, postmenop. women and 
eunuchs; FSH and LH, 839 
Gonaps: see Ovary; Testis 
GRANtTs: see Endocrine Society 
under Notices 
GRANULOMATOUS THyRoIDITIS: see Thyroid dis- 
orders 
GRAVES’ DISEASE: 
thyroidism 
GrRowTu: see also Children; 
disorders involved 
—— dwarfism: see Dwarfism 
— hormone: see Pituitary preps. & comps. 
GYNECOMASTIA: see Breast 


Bus 


—— body hair growth in women, 1448 
— hirsute virilized women; effect of estro- 
gens on 17-KS excretion, 931 
— hirsute women; excretion of pregnanediol 
and triol, 17-OH-CS and 17-KS; effect of 


(Awards); and 


see Thyroid disorders, hyper- 


and under endocrine 


ACTH, 923 

—— hirsutism; excretion of DHA and P. 
chromogens, 1321 

—— hirsutism: see also Adrenal disorders; 


Cushing’s syn.; Virilization 
Hasuimoro’s THYROIDITIS: see Thyroid disorders 
HCG (human chorionic gonadotropin): see 

Gonadotropins 
Heart: see also Vascular system 
——— coronary heart disease; effect of androster- 
one orally and i.m. on serum lipids and 

urinary 17-KS, 1208 

— ECG and electrely te disturbance in infant 
with adrenogen. syn. and hypospadias, 

1087 

—— ECG in ease of familial periodic paralysis 

with hy pokalemia, 1079 

—— effort angina and coronary heart disease 
with hypercholesterolemia ; effects of 

chlorothyronines; dangers, 1579 

——heart disease (angina) and hypercho- 
lesterolemia; advantages of Triac in treat- 

ment, 1044 

—— heart disease, atherosclerotic; effect of 2 
synthetic estrogens on PBI in men and 

women, 243 

—— myocardial infarction in relation to 

ovarian stromal hyperplasia, 472 

— myocardial stimulation and serum cho- 
lesterol; effects of chlorine derivatives of 

thyronine on, 1579 
Heat; HEATING: see Temperature 
Herepiry: see Congenital; Familial 
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HeRMAPHRODISM: see Adrenal disorders; Ovary; 
Testis; Sex 
p-HEXOXYPHENYL PrRopIoNATE (HPP): see 
Androgens, testosterone 
HGH (human growth hormone): 
preps. & comps. 
Tumor: see Ovary 
Hippuric Acip: see Aromatic acids 
Hirsutism: see Hair; Adrenal disorders; Cushing’s 
syn.; Virilization 
HistTaMINE; effect on plasma catecholamines as 
diagnostic test in pheochromocytoma, 281 
HMG: see Gonadotropins 
Hoa: see Species 
HomovaNILuic Acip: see Aromatic acids 
Hormonss: see Adrenal preps. & comps.; Andro- 
gens; Estrogens; Gonadotropins; Insulin; 
Parathyroids; Pituitary preps. & comps.; 
Progesterone; Steroids; Thyroid preps. & 
comps.; and under various endocrine glands 
HPG (human pituitary gonadotropin): see 
Gonadotropins 
HuMAN 
gonadotropin (HCG; HMG; HPG): see 
Gonadotropins 
growth hormone: see Pituitary preps. & 
comps. 
HyprocorTIsoNneE: see Adrenal preps. & comps. 
HyproGEN Ion CONCENTRATION 
alkali washes causing loss of polar steroids 
during assay, 1290 
—— effect on assays of a urinary aldosterone 
conjugate, 1092 
—— pH; effect on blood corticoid determina- 
tions, 1146 
— pH of buffer; effect on resin uptake of 
T,'*! from serum, 1448 
pH of urine; cyclical changes during 
adaptation to DOC-induced Na retention, 
1426 
Hypro ysis: see also Methods 
effect on determination of catecholamines, 
305 
38-HyprRoxyY DEHYDROGENASE: see Enzymes 
17-HypROXxYCORTICOSTEROIDS: see Adrenal preps. 
& comps. 
68-HyDROXYCORTISOL: see Adrenal 
comps. 
HypDROXYESTRADIOL: see Estrogens 
5-HyDROXYINDOLEACETIC AND p-HyYDROXYPHEN- 
YLACETIC Acip: see Aromatic acids 
16a-HyDROXYLASE: see Enzymes 
17a-HYDROXYPREGNENOLONE: see Adrenal preps. 
& comps. ; 
HyDROXYPROGESTERONBE: see Progesterone 
HYPERALDOSTERONISM: see Adrenal disorders 
HyperGiycemia: see Carbohydrate metab.; Dia- 
betes 
HYPERMETABOLISM: see Basal metabolism; Thy- 
roid disorders 
HYPERTENSION: see Vascular system 
Hypertuyrorpism: see Thyroid disorders, hyper- 
thyroidism 
Hypertricuosis: see Hair (hirsutism) 
HyYPoGENITALISM: see Ovary; Testis; Pituitary 
disorders 
HypoGiycemia; HypoGciycemic Srates: see Car- 
bohydrate metabolism; Diabetes; Insulin 


see Pituitary 


preps. & 
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HypoGonapism: see Ovary; Testis; Pituitary dis- 
orders 

HyPoMETABOLISM: see Basal metabolism; Thyroid 
disorders 

HypopaRATHYROIDISM: see Parathyroids 

HypopuyseEctomy: see Pituitary 

Hypopnysis: see Pituitary 

HypopirvuitTarisM: see Pituitary disorders 

HypospapiAs in male infant with the adreno- 
genital syndrome, 1087 

see Brain 

Hyroruyroipism: see Thyroid disorders, hypo- 
thyroidism 


Icsu (interstitial-cell stimulating hormone): see 
Gonadotropins; Pituitary preps. & comps. 
IMMUNOLOGY: see Antibodies 
INDEX to Volume 21 
author, 1619 
subject, 1627 
Inp1ans, Venezuelan; iodine excretion, 1009 
INDOLEACETIC AcipD: see Aromatic acids 
INFANTs: see Children; Pregnancy, fetus 
INFERTILITY: see Ovary; Testis; Sex 
INHERITANCE: see Congenital; Familial 
INSULIN: see also Carbohydrate metab.: Diabetes 
hyperinsulinism; insuloma; value of tol- 
butamide test in; relation to release of 
insulin 371 
insulin activity in a fibrosarcoma assoc’d 
with spont. hypoglycemia, 541 
insulin-coma therapy; effect of hypo- 
glycemia on plasma catecholamines, 296 
islet-cell tumor; effects of leucine and 
glycine on hypoglycemia before and after 
op., 401 
—— plasma level of; effect of leucine on in case 
of pancreatic adenoma, 1498 
requirements correlated with conc. of 
insulin-binding antibody in 2 cases of 
insulin resistance, 533 
—— response to: new method for assessing, 387 
INSULIN-BINDING ANTIBODY: see Antibodies 
INSULOMA: see Pancreas; Insulin 
INTERNATIONAL meetings and symposia, see No- 
tices 
INTERSEX: see Sex; Ovary; Testis 
INTERSTITIAL-CELL STIMULATING 
(ICSH): see Gonadotropins 
INTERSTITIAL-CELL (LEYDIG-CELL) Tumor: see 
Ovary; Testis 
INTESTINAL: see Gastro-intestinal tract 
Iop1pE; IopINATED: see Iodine 
Iop1NeE: see also Thyroid preps. & comps. 
abnormal iodoprotein in blood in 2 cases 
of hyperthyroidism, 1455 
—— abnormal iodoproteins in blood of eumet- 
abolic goitrous adults, 1390 
as contaminant; noninterference with 
resin I'*!-T; uptake test, 456 
—— binding and concentration of; action of 
U-9189 on, 128 
——— defective organification; inheritance of in 
familial goitrous cretinism, 21 
—— deficiency in endemic goiter of Uele re- 
gion, 996 
dietary; effect on goitrogenic response to 
U-9189 in rat, 128 
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excretion in group of Venezuelan Indians; 

iodine in drinking water, 1009 

—— iodide of potassium as thyroid blocking 
agent in study of components of PBI, 1572 

—— iodide, thyroidal and urinary; effect of 
TSH on, 554 

——- iodides; "effect on Hashimoto’s thyroiditis, 
and on solitary toxic nodule; effect of 
TSH, 1037 

——— iodinated compounds: see also Thyroid 
preps. & comps. 

—— iodine combined with antithyroid drugs 
and thyroxine for preop. preparation in 
thyrotoxisis, 72 

—— metabolism in endemic goiter (+cretin- 
ism), Uele region, Rep. Congo; lack of I in 
diet and water, 175 

— — metabolism in Hashimoto’s thyroiditis, 
806 

—— metabolism in slices of normal thyroid and 
exoph. goiter; effect of methimazole and 
thiocyanate, 849 

—— metabolism in the primate; effect of preg- 
nancy on, 779 

—— PBI and BEI in ['3!-T; resin uptake tests 
of thyroid function, 456 

—— PBI and BEI (thyroxine) det’d in the 
presence of iodine contaminants in serum, 
1272 

—— PBI and I'*! uptake foll’g admin. of chlor- 
ine derivatives of thyronine, 1579 

-—— PBI and I'*! uptake in normal males; ef- 
fect of vasopressin, oxytocin and TSH, 
0000 

—— PBI; components of foll’g admin. of I'3!- 
labeled hog thyroglobulin; KI used as 
blocking agent, 1572 

—— PBI; depression of by diphenylhydantoin, 
252 

—— PBI; effect of androsterone on, 1208 

—— PBI; effect of ethinyl estradiol and Man- 
vene on in men and women with ath. heart 
disease, 243 

—— PBI; effect of hog TSH on in normal and 
myxedematous subjects, 1494 

—— PBI; effect of Mg loading on in thyroid 
disease, 31 

aa effect of U-9189 on in thyrotoxicosis, 
128 


—— PBI in auto-immune thyroiditis, 806 

——— PBL in blood of newborn with antithyroid 
antibodies, 792 

—— PBI in case of Sheehan’s syn. with recov- 
ery of function during hormonal therapy, 
1007 

—— PBI in leukemia, 1248 

—— PBI in successful pregnancy foll’g hy- 
pophysectomy, 1139 

—— PBI normal and TBG decreased in sisters 
with hyperthyroidism, 1455 

—— PBI, thyroxine turnover and BMR in 
dystrophia myotonica, 1592 

—— PBI-BEI difference in diagnosis of H. 
thyroiditis vs. nontoxic adenoma, 879 

— test in various thyroid states, 
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—— J'3! after KI in H. thyroiditis and in 
solitary toxic nodule; effect of TSH, 
1037 

—— I! in study of antithyroid effect of 
U-9189 in rats, 128 
- [31 in study of thyroid function in en- 
demic goiter, Uele region, Rep. Congo, 
175 
~ 18! in study of thyroid function in remis- 
oo of myxedema foll’g admin. of TSH, 
213 

—- ]3! jin study of thyroxine binding to 
pre-albumin, 104 

——in study of thyroxine synthesis after 
thiourea and TSH, 157 

— [31 in study of TSH in serum, 1127 

—— ]'3! metabolism in familial goitrous cre- 
tinism; effect of KSCN, 21 

—— ]'8! radiation; nuclear changes in thy- 
roid epithelium foll’g; effect of thioura- 
cil, 699 

— J}3! uptake and BMR correlated with 
electrical capacity of skin in thyroid dis- 
ease, 1054 

—— uptake and PBI'*' in case of phenyl- 
ketonuria, 865 

—— Jia uptake and PBI'*! in endemic goiter 
of Uele region, 996 

—— ]! uptake and in eumetabolic 
goitrous adults, 1390 

—— ]3! uptake and PBI'*! in normal males; 
effect of vasopressin, oxytocin and 
TSH, 1543 

—— ps uptake and PBI in old and young 
men, 1197 

—— J'3! uptake and renal excretion in T; 
versus T, suppression tests, 189 

—— ]'3! uptake deficient in Klinefelter sub- 
jects with XX XY chromosome complex, 
491 

—— I uptake; effect. of pregnancy on in 
the primate; I'* in blood of aborted 
fetus and mother, 779 

— ]'8! uptake; effect of thiourea or thiocy- 
anate on in euthyroidism versus hyper- 
thyroidism, 1566 

—— J'%! uptake in slices of normal thyroid 
and of exoph. goiter; effect of methima- 
zole and thiocyanate, 849 

—— ]'8! uptake in thyroid and liver, and ex- 
cretion, in case of thyrotoxicosis due to 
solitary hepatic metastasis of thyroid 
ca., 1334 

— ]'3! uptake; inhibition by parabromdyl- 
amine maleate, 739 
——- J! uptake, PBI and BEI in permanent 
myxedema foll’g thyroiditis, 1384 

—— uptake, and BII in Hashi- 
moto’s thyroiditis, 806 

—— ]llabeled hog thyroglobulin; com- 
ponents of PBI foll’g admin. of, 1572 

—— ]%!.T;; erythrocyte uptake of; effect of 
diphenylhydantoin, 252 

—— I'* uptake after oral and i.v. admin., in 
study of purified bovine TSH, 1469, 1475 

——— I! uptake soon after I'*! therapy; prog- 
nostic value in hyperthyroidism, 1483 
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IODINE (cont’d.) 
RADIOACTIVE (cont'd.) 
- iodide'*!; excretion and thyroidal re- 
lease of, in man and rat, 554 
-— PBI'*!, and turnover of radio- 
thyroxine; effect of thyroidectomy on, 
336 
— radioiodinated serum albumin; diurnal 
pattern in rate of disappearance from 
serum, 582 
——— system of radioiodine therapy for toxic 
and nontoxic goiter, involving thyroidal 
adiosensitivity, 817 
——- Tetrac'* and_ Triac'*!; peripheral 
metabolism in euthyroid and in bile- 
fistula subjects, 1548 
IopDOAMINOACIDS: see Iodine; 
comps. 
IODOTHYRONINES: 
Iodine 
IODOTYROSINES: 
Iodine 
IRRADIATION: see Radioactive; Roentgen rays 
Istet-CeLL Tumor: see Pancreas; Insulin 
ISOANDROSTERONE: see Androgens 


Thyroid preps. & 
see Thyroid preps. & comps; 


see Thyroid preps. & comps; 


| er see Liver and Gall bladder, disorders 
JOURNAL OF CLINICAL ENDOCRINOLOGY AND 
METABOLISM 
— acknowledgment, is 
— announcement of ch anges of publisher, 
front page insert July—Dec. issues 
— contents of Vol. 21 (1961), page i, Dec. 
— Editorial Board, Editors, Publication- 
Committee: see editorial page, front secs 
tion, each issue 
‘index, year 1961 (Vol. 21): 
- author, 1619 
—— subject, 1627 
- Letters to the Editor: 
iditor 
JUVENILE: see Children 


see Letters to the 


analyses: see Sex; Nuclei 
17-KeToOGENIC Steroips (17-KGS): see Adrenal 
preps. & comps.; Steroids 
(17-KS): see Steroids, 17-keto- 
steroids; Adrenal preps. & comps. 
Kipney: see also Urine 
diuresis: see also Pituitary disorders (dia- 
betes insip.) and preps. & comps. (anti- 
diuretic hormone); Water 
—— effect of RS-1280 and diuretics on, in 
cirrhosis with ascites, 1364 
—— nephrosclerosis, arteriolar; correlation 
with ovarian stromal hyperplasia, 472 
——— removed from rat after inj. of TSH: assay 
for TSH, 1280 
—— renal clearance of L-xylulose by patients 
with pentosuria, 887 
—— renal excretion; cyclical pattern during 
adaptation to DOC-induced Na retention, 
1426 
——— renal function in old and young men; 
cortisol metab., 1197 
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KIDNEY (cont'd.) 
—— renal function in various thyroid states, 
and in glomerulonephritis, 548 
—— renal response to sustained admin. of 
asopressin and water, 231 
~—— stones, bones and concrete, 1254 
—— tissue; transmethylation of 2-OH-estro- 
gens by, 211 
—— uremia; drug-induced lactation in, 
KLINEFELTER’S SYNDROME: see Testis; Sex 
Kocu Awarp: see Endocrine Society awards 


1489 


see Pregnancy 
LacTATION: see Breast 
1.A.T.S.: see Long-acting thyroid stimulator 


Lav RENTIAN HORMONE CONFERENCE (program), 
228 


Leromyoma: see Uterus; Tumors 
LETTERS TO THE EprTor, 98, 101, 104, 106, 209, 
211, 213, 215, 219, 478, 482, 575, 579, 582, 
586, 727, 732, 735, 738, 739, 856, 860, 862, 
865, 1007, 1009, 1013, 1328, 1331, 1334, 1494, 
1498, 1500, 1611 
LEUCINE 
—— effect on hypoglycemia of islet-cell tumor, 
before and after op., 401 
—— effect on plasma insulin in girl with pan- 
creatic adenoma, 1498 
LevuKEmMIA: see Blood 
LevuKocyTEs: see Blood; Sex, chromatin 
Leypig (INTERSTITIAL) CELLS: see Ovary; 
LH: see Gonadotropins 
Lr PREPARATION OF HGH:see Pituitary preps. & 
comps., growth hormone 
Liprps: see also Cholesterol; Fat; Protein 
—— lipopolysaccharide pyrogen; plasma 17- 
OH-CS response to, 433 
—— lipoproteins: see Protein 
—— of serum; androsterone orally and i.m. in 
men with heart disease, 1208 
LIPOPOLYSACCHARIDE PYROGEN (Lipexal): plasma 
17-OH-CS response to, 433 
LIVER AND GALL BLADDER 
bile-fistula patients; metabolism of Tetrac 
and Triac in, 1548 
— — biliary and urinary metabolites of 4-C'- 
17a-OH-progesterone, 1534 
—— biliary excretion of radioactive steroids 
(cortisol vs. progesterone groups), 753 
—— cirrhosis with ascites; possible anti-aldo- 
sterone action of RS-1280 in, 1364 
—— cirrhotic liver in vivo; conversion of corti- 
sol to 68-OH-cortisol by, 1328 
—~-— cirrhotic patients; L-xylulose metabolism 
in, 887 
—— function tests in H. thyroiditis vs. non- 
toxic adenoma, 879 
—— function tests in leukemic patients 
sol removal rates, 1248 
— hepatic disease; value of tolbutamide test 
in, 371 
——— hepatie function in old and young men; 
cortisol metab., 1197 
~—— hepatic metastasis, solitary, from thyroid 
ca.; cause of thyrotoxicosis; liver scinti- 
grams after and I'8!, 1334 
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LIVER AND GALL BLADDER (cont’d.) 
homogenates; quant. extraction of ster- 
oids from, 62 
—— liver and serum cholesterol; effect of 
chlorine derivatives of thyronine on, 1579 
—— liver; role of in catabolism of cortisol; 
BSP tests, 826 
liver tissue from male patients; enzymic 
methylation of hydroxyestradiol to meth- 
oxyestradiol by, 1331 
—— portal vs. peripheral venous infusion of hy- 
drocortisone in dog; effect on plasma 17- 
OH-CS, 39 
—— tissue; failure of transmethylation of 2- 
OH-estrogens by, 211 
—— utilization of amino acids; effect of pro- 
gesterone on, 1345, 1355 
THyYRoIp LATOR (L.A.T.S.) 
in thyrotoxicosis; dose-response compared 
with those of TSH, 799 
LuNGs AND BRroNcHI 
bronchitis episodes assoe’d with intermit- 
tent breast development, 80 
—— pulmonary tuberculosis; protein anabolic 
action of mestanalone, 1099 
LuterniziInGc HormMoNE (LH): see Gonadotropins 
Nope: metastases of thyroid carcinoma 
related to histologic type, 1596 


see Species 
MaaGnesivum: see also Electrolytes; Sodium 
—— loading; effect on BMR (T; test) and 
calcium in thyroid disorders, 31 


—— sulfate therapy in hypoparathyroidism re- 
sistant to other medications, 219 
MALE PSEUDOHERMAPHRODISM: see Testis; Sex 
Mates: see Testis; Sex 
MALNuTRITION: see Nutrition 
MAMMARY GLAND: see Breast 
MANVENE: see Estrogens 


MASCULINIZATION: see Androgens; Virilization 
MATERNAL: see Pregnancy 
MeetinGs: see Endocrine Society; 
Notices 
Men: see Sex; Testis 
MENopPAUSE: see Menstruation; 
MENSTRUATION: see also Estrogens; 
one; Ovary; Uterus 
amenorrheic women; effect of single injec- 
tion of human pit. FSH on estrogen excre- 
tion and vag. smear, 1068 
and gonadotropins; reappearance after 
hormonal treatment of Sheehan’s syn., 
1007 
—— menstrual cycles, regular, in case of un- 
treated CAH; pregnancy, 675 
——— menstrual disorders, infertility and _hir- 
sutism; effect of estrogens on 17-KS ex- 
cretion, 931 
—— - phases of normal menstrual cycle; FSH 
and ICSH excretion during, 976 
—— postmenopausal women; comparison of 2 
gonadotropin preps. from urine of, 1063 
—— postmenopausal women; purification of 
urinary HPG, ration of FSH to LH, 1260 
—-—— postmenopausal women; urinary gonado- 
tropins of, 839 


and under 


Ovary 
Progester- 
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MENSTRUATION (cont’d.) 
nopausal women; uripary HPG 
preps.; comparative activities, 603 
MENTAL: see also Brain; Nervous system 
—— emotion and intellect in a pit. dwarf; ef- 
fect of HGH therapy, 721 
—— mental deficiency assoe’d with endemic 
goiter, Uele region, Rep. Congo, 175 
—— mental depression and parkinsonism im- 
proved after removal of neck cyst in a case 
of hyperparathy’m, 833 
—— mental disease; diurnal pattern in rate of 
thyroxine!*! disappearance from serum, 582 
—— mentally defective Klinefelter subjects 
with duplicated sex chromatin; XXXY 
sex chromosome complex in, 491 
—— psychic and hormonal processes in sexual 
behavior, 482 
schizophrenia treated by insulin coma; 
effect of hypoglycemia on plasma catechol- 
amines, 296 
MERCAPTOPURINE; effect on cortisol removal rate 
in leukemia, 1248 
MESTANOLONE: see Androgens 
Metastasis: see Cancer; Tumors 
METHIMAZOLE 
—— as blocking agent in study of peripheral 
\metabolism of Tetrac'! and Triac!!, 1548 
—— effect on binding of I'*' in slices of exoph. 
goiter, 849 
effect on response of thyroidal iodide to 
TSH, 554 
—— effect on TSH of serum in hyperthyroid- 
ism, 1127 
—— Graves’ disease treated with; effect of thy- 
roidectomy on thyroxine turnover in, 336 
—— varying cones. of Tapazole and U-9189; 
effect on organic iodination in sheep thy- 
roid, 128 
— with iodine and thyroxine for preop. prep- 
aration in thyrotoxicosis, 72 
Meruops: see also Tests 
—— acid hydrolysis of a urinary conjugate of 
aldosterone; comparison of methods, 1092 
——— comparison of 2 methods of prep. of HPG 
from postmenop. urine, 1063 
—— determination of thyroxine in serum in the 
presence of some iodine contaminants, 
1272 
—— discriminant function for analysis of data 
on nuclear appendices in det’n of sex, 965 
—— effects of heating and dialysis on glucose- 
uptake activity in fractions of a fibrosar- 
coma, 541 
—— effect of temperature on corticosteroid 
binding, 53 
—— exponential disposal of plasma 17-OH-CS 
from a single compartment, 1106 
—— fingerprint identification of 
tropins, 1, 839, 1260 
—— for ACTH in urine; benzoic-acid adsorp- 
tion, 140 
for clinical 
growth, 1440 
on comparing activities of HPG preps., 
60 
for estimating exophthalmos in fish, 648 


gonado- 


assessment of body hair 


f 
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MetTuHops (cont’d.) 
—— for fractionation of TSH from plasma and 
tissues, 1280 
—— for isolation of 68-OH-cortisol from urine, 
263 
—— for measuring electrical capacity of the 
skin in thyroid diseases, 1054 
— for Pettenkofer chromogens that includes 
DHA plus its 2 chief artifacts, 955 
— for purification of HPG from urine of nor- 
mal men, 1 
—— for simult. det’n of pregnanediol and preg- 
nanetriol, 923 
~ for staining basophil cells, 732 
—for testosterone in plasma; 
conversion to estrogens, 98 
hydrolysis; effect on det’n of 
‘catecholamines, 305 
~—— independent estimation of 11-desoxycorti- 
sol and cortisol in a single plasma sample; 
comparison with N-S method, 943 
— measurement and significance of 68-OH- 
cortisol and other polar corticoids in hu- 
man urine, 1290 
—— modified for epinephrine and norepineph- 
rine in plasma, 281 
—— modified for free and conj. 17-OH-CS in 
plasma, 39 
—— modified for 3-methoxy-4-hydroxyman- 
delic acid in urine, 315 
— new, for assessing response to insulin, and 
glucose utilization, 
—new (gas chromatography) for urinary 
aromatic acids, 1500 
purification of HPG for clinical ass: LYS, 
856 
purification of HPG from postmenop. 
urine; comparison with male urine, 1260 
- qualitative, to demonstrate FSH and 
ICSH or LH in urinary gonadotropin, 1, 
839, 976 
- quantitative extraction and partial purifi- 
sation of steroids in tissue and blood, 62 
-rapid for aldosterone in urine, by glass 
paper chromatography, 148 
- resin uptake of I'*!-T; in det’n of thyroid 
function, 456 
- resin uptake of T,!*! from serum, 1448 
—— review of methods for det’n of cortisol and 
corticosterone in blood, 1146 
—— simplified, for det’n of urinary DHA; com- 
parison of other methods, 1321 
— trihydroxyindole method for urinary cate- 
cholamines; specificity of, 305 
METHOTREXATE; effect on cortisol removal rate in 
leukemia, 1248 
METHOXYESTRADIOL: see Estrogens 
METHOXYESTRONE: see Estrogens 
Adrenal preps. & comps. 
- l6a- Metuyt- 1,3,5(10) - EstraTRIENE- 
168,178-D1ot (Manvene): see Estrogens 
6a-METHYL-7a-ACETOXYPROGESTERONE: see Pro- 
gesterone 
6a-METHYLPREDNISOLONE: see Adrenal preps. & 
comps. 
METHYLTESTOSTERONE: see Androgens 


enzymatic 


urinary 


ACID: see 
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MHMA (3-methoxy-4-hydroxymandelic acid): 
see Adrenal preps. & comps.; Tests 
MINERALOCORTICOIDs: see Adrenal disorders 
MuscLE 
—— dystrophia myotonica; T, and T; turn- 
over studies; PBI and BMR: response to 
thyroid therapy, 1592 
-——— muscles of the eye 
belpharoptosis, 1402 
—— muscular weakness during DOC therapy, 
1426 
Myocarpium: see Heart 
Myxepema: see Thyroid disorders, hypothyroid- 
ism 


in myxedematons 


see Sodium 
NECK cyst; cure of hyperparathyroidism after re- 
moval, 833 
Neonates: see Children; Pregnancy, fetus 
NEopuLAsMs: see Cancer; Tumors; and under or- 
gan involved 
NEPHROSCLEROSIS: see Kidney 
Nervous System: see also Brain; Mental 
anorexia nervosa: see Nutrition 
—— central nervous system disorders: see also 
Brain 
— neuroblastoma and ganglioneuroblastoma 
in children; excretion of catecholamines 
and 3-methoxy-4-O H-mandelic acid in, 321 
—— paralysis, familial periodic; sodium and K 
metab., 1079 
paralysis, transient, during DOC therapy, 
1426 
—— sympathetic; relation to the thyroid in 
myxedema, 1402 
—— sympathetic: see also Adrenal preps. & 
comps., catecholamines 
tranquilizers; lactation 
uremia, 1489 
NEUROBLASTOMA: see Nervous system; Tumors 
NEwsorn: see Children; Pregnancy, fetus 
NITROGEN: see also Protein 
—— amino acid metabolism; effect of proges- 
terone on, 1345, 1355 
—— balance; effect of human growth hormone 
on in dwarfism and (also androgen) acro- 
megaly, 119 
——— halance: effect of progesterone on as in- 
fluenced by dietary protein, 1345 
— BUN levels, BSP retention and creatinine 
clearance re cortisol metab. in old and 
young men, 1197 
—— creatinine excretion; cyclical changes dur- 
ing adaptation to DOC-induced Na reten- 
tion, 1426 
—— excretion; effect of magnesium and T; on, 
1 


induced by in 


— metabolism in women treated with 
mestanolone, 1099 

Nontoxic Gorter: see Thyroid disorders 

NORADRENALINE: see Adrenal preps. & comps., 

norepinephrine 

NOREPINEPHRINE: see Adrenal preps. & comps. 

NORLUTIN: see Progestins 

NorMat males and females: see Sex; Ovary; Testis 


NoORTESTOSTERONE: see Androgens; Progestins 
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NOTICES 

American Goiter Association: 
ican Goiter Association 

—— American Thyroid Association: see Amer- 
ican Goiter Association 

—— award, American Urological Association, 
1022 

—— colloquium, international, on Endocrinol- 
ogy, Assoc. méd. France-Espagne and the 
Medical School of Barcelona, Spain, 115 

—— congress, international, on Hormonal 
Steroids, Milan, Italy, 878 

—— congress, Pan American, 
ogy, Lima, Peru, 602 

—— convention, Pacific Coast Fertility 
ciety, 1344 

—— course in Clinical Radioisotope Instru- 
mentation—Oak Ridge (Tenn.) Inst. of 
Nuclear Studies, 602 

—— course in Gynecological Endocrinology, 
N. Y. Univ. P-G Medical School: 
—— April, 229 

October, 1022 / 

course, postgraduate—Laboratory Tests 
in Diagnosis and Investigation of Endo- 
crine Functions, University of California 
Med. Center, San Francisco, 358 

—— course, postgraduate—Pediatrics and Pe- 
diatric Metabolism and Endocrinology, 
Harvard Medical School, 358 

—— Endocrine Society, meetings, awards, 
postgraduate assembly in Endocrinology 
and Metabolism: see Endocrine Society 

—— Laurentian Hormone Conference (pro- 
gram), 228 

—— meeting, Inter-Society Cytology Council, 
Memphis, Tenn., 746 

—— meeting, Mexican Society of Nutrition and 
Endocrinology, Michoacan, Mexico, 1021 

-—— purified steroids (radioactive) and pitui- 
tary hormones available, 1509 

—— symposium, international, on Host Tumor 
Interactions, Henry Ford Hospital, De- 
troit, 359 

—— symposium, international, on Radioactive 
Isotopes in Clinical Medicine and Re- 
search, 746 

——- symposium of the Internat. Soc. of Neuro- 
vegetative Research, Turin, Italy, 115 

—— symposium on Basic Problems in Neo- 
plastic Disease, Columbia Univ. College of 
Physicians & Surgeons, New York, 1344 

—— symposium on Fundamental Cancer Re- 
search, Univ. of Texas, 114 

—— symposium on Hy pertension, Recent Ad- 
vances—Hahnemann Medical College and 
Hospital, Philadelphia, 490 
symposium on Neuroendocrinology, Mi- 
ami, Fla., sponsored by National Inst. of 
Health (program), 747 
symposium on Recent Developments in 
Research Methods and Instrumentation, 
National Inst. of Health, Bethesda, Md.. 
878 


see Amer- 


of Endocrinol- 


So- 


symposium on Steroidal Enol and Phenol 
Ethers in the Clinic and in Biology, Rome, 


Italy, 1344 
—— training program for Steroid Biochem- 
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Notices (cont’d.) 
istry, Worcester F. for Exper. Biology, 
Clark Univ., and Univ, of Utah, 114 
training program in Radiation Biology 
and Cancer Related Research, Bowman 
Gray School of Medicine, 114 
training program in the Physiology of 
Reproduction, Worcester Foundation for 
Exper. Biology, 357 
NUCLEAR CHROMATIN PATTERN; 
see Sex 
Nuc et: see also Cells: Sex 
drumsticks and other nuclear appendices 
in det’n of sex, 965 
karyopyknotic index of vaginal smear 
after single inj. of HPFSH in amenor- 
rheic women, 1068 
nuclear changes (DNA) in thyroidal epith. 
foll’g I'*! radiation and thiouracil, 699 
—— nuclear chromatin pattern; det’n of sex 
by: see Sex 
—— XXXY sex chromosome complex in 
Klinefelter subjects with duplicated sex 
chromatin, 491 
Nuc Acip: see Desoxyribonucleic acid; Nuclei 
NUTRITION 
anorexia nervosa with amenorrhea; effect 
of single injection of HPFSH, 1068 
low and high sodium diets; effect on 
familial periodic paralysis, 1079 
starvation, self-imposed; effect on gi- 
gantism in child, 343 


det’n of sex by: 


— ir. relation to ovarial stromal hyper- 
plasia, 472 
Osrruary (Francis M. Pottenger), 1618 
Oup AGE: see Age 
OopPpHORECTOMY: see Ovary 
OrcHIEcTOMY: see Testis 
OsMOLALITY of urine and serum; changes during 
adaptation to DOC-induced Na retention, 
1426 
OsTEOPOROSIS: see Bone 
Ovary: see also Breast; Estrogens; Gonadotro- 
pins; Menstruation; Pregnancy; Progester- 
one; Sex; Uterus 
amenorrhea; see also Menstruation; Preg- 
nancy 
amenorrheic women; effect of singly inj. 
of human pit. FSH on estrogen excretion 
and vag. Smear, 1068 
—— arrhenoblastoma; formation of and by in 
vitro, 165 
—— bilat. oophorect’d adrenalect’d women; 
effect of 17-OH-progesterone on Na and 
K balance, 909 
—— castrated and adrenalect’d woman; con- 
version of cortisone acetate to 
phenolic estrogens in, 624 
—— disorders secondary to hypopituitarism: 
see also Pituitary disorders 
—— estrogens: see Estrogens 
-—— female chromosomal complement in case 
of mele pseudohermaphrodism, 727 
female infant pseudohermaphrodites; un- 
usual pattern of steroid excretion, 860 
feminization, testicular; male pseudoher- 
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Ovary (cont’d.) 
maphrodism; endocrine studies; effect of 
orchiectomy, 506 

—— girl aged 4, with intermittent precocious 
breast and genital development assoce’d 
with episodes of bronchitis, 80 
— girl with pancreatic adenoma; effect of 
leucine on plasma insulin, 1498 
— gonadal dysgenesis; metabolic effects of 
HGH, 119 
— gonadotropin: see Gonadotropins 
—hilus-cell tumor virilized woman; 
plasma testosterone; urinary 17-KS, 98 
—— homogenates; quant. extraction of ster- 
oids from, 62 
—— l6a-hydroxylase in normal and Stein- 
Leventhal ovaries, 1376 
— Leydig-cell tumor of, causing virilization; 
review of L.-cell ovarian tumors, 91 
- menstrual cycle and disorders: see also 
Menstruation 
- normal females: see also Sex 
—— normal females (402); sex by analysis of 
nuclear appendices, 965 
— normal women; FSH and ICSH excretion 
during menstrual cycle, 976 
— oophorectomy; influence on steroid excre- 
tion in early pregnancy, 1119 
~ ovarian stromal hyperplasia; pathologic 
correlations, 472 
— ovariectomized woman; effect of dietary 
protein on catabolic effect of progesterone 
in, 1345 
— ovulatory menses in woman with CAH; 
*spont. abortion; hormone studies, 675 
— pregnanediol and pregnanetriol excretion: 
see Pregnanediol; Pregnanetriol 
— progesterone: see Progesterone 
— sex chromatin patterns; see also Sex 
—— sexual behavior in women; role of andro- 
gens, 482 
-— sexual development in a girl with gigan- 
tism, 343 
— Stein-Leventhal syndrome; abnormal ex- 
cretion of pregnanetriolone and A®-preg- 
nenetriol in, 586 
— Stein-Leventhal syndrome; pregnanetriol 
and DHA excretion, 1304 
— steroid biosynthesis in normal and Stein- 
Leventhal ovaries, 1218 
—— theeal and follicular versus stromal and 
connective tissues re steroid biosynthesis, 
1218 
— virilism; pseudohermaphrodism;  excre- 
tion of DHA, 17-OH-CS and 17-KS, 955 
— women; body hair growth in, 1440 
—— women, hirsute, with menstrual disorders 
or infertility (incl. S.-L. syndrome); effect 
of estrogens on 17-KS excretion, 931 
—— women, postmenopausal; comparative ac- 
tivities of urinary HPG preps., 603 
—— women, postmenopausal; comparison of 2 
gonadotropin preps. from urine of, 1063 
—— women, postmenopausal; purification of 
HPG from urine of, 1260 
—— women, postmenopausal; urinary gonado- 
tropins of, 839 
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Ovary (cont'd.) 
—— women with pulm. TBC; anabolic action 
of mestanolone in, 1099 
OvuLaATION: see Menstruation; Ovary 
OxyYGEN: see also Basal metabolism 
—— rate of oxygen consumption and choles 
terol level; effect of chlorine derivatives o 
thyronine on, 1579 
Oxytocin: see Pituitary preps. & comps. 


DIsEASE: see Bone 
PancrEAs: see also Carbohydrate metab.; Dia- 
betes; Insulin 
—— insuloma (hypoglycemia); value of tol- 
butamide test in, 371 
—— islet-cell tumor; effects of leucine and gly- 
cine on hypoglycemia before and after op., 
401 
—— pancreatic adenoma; effect of leucine on 
plasma insulin in case of, 1498 
PANHYPOPITUITARISM: see Pituitary disorders 
PARABROMDYLAMINE MALEATE; inhibition of 
thyroidal I'*! uptake by, 739 
PaRALysiIs: see Nervous system 
PARATHYROIDS: see also Bone; Calcium 
—— hyperparathyroidism, primary, cured by 
removal of lesion in neck, 833 
~—— hyperparathyroidism; remission — after 
spont. infarct of the adenoma; then hypo- 
‘aleemic tetany, 196 
— hyperparathyroidism; signs of in some 
-ases of uremia with drug-induced lacta- 
tion, 1489 
—— hypoparathyroidism responsive to mag- 
nesium sulfate after resistance to other 
medications, 219 
-— parathyroid disease studied with Ca and 
Sr®, 611 
PARTURIENT women: see Pregnancy 
PBI: see Iodine 
PENTOSE: see Carbohydrate metab. 
PERCHLORATE 
—— KCIO,; effect on iodine metab. in H. thy- 
roiditis, 806 
— KCI10,4; effect on response of thyroidal 
iodide to TSH, 554 
PERFUSION studies of human placenta, 895, 1511 
PERGONAL: see Gonadotropins 
PrETTENKOFER CHROMOGENS: see Adrenal preps. 
& comps.; Steroids 
pH: see Hydrogen ion 
PHENFORMIN: see DBI 
PHENOTHIAZINES; lactation induced by in uremi:, 
1489 
PHENYLKETONURIA and thyroid function, 865 
PHEOCHROMOCYTOMA: see Adrenal disorders 
PHOSPHATASE: see Enzymes; Phosphorus 
PuospuHorvs: see Bone; Calcium; Parathyroids 
——— and alk. phosphatase of serum; effect of 
removal of neck cyst in a case of hypei- 
parathy’m, 833 
balance; effect of progesterone on as ir - 
fluenced by dietary protein, 1345 
balance in dwarfism and acromegaly; e - 
fect of HGH on, 119 
——- bones*and stones, 1254 
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PHOSPHORUS (conl'd.) 
—— excretion; effect of magnesium and T; on, 


metabolism in case of hyperparathyroid- 
ism with infarcted adenoma, then tetany, 
196 
metabolism in women treated with 
mestanolone, 1099 
—— of serum in a case of gigantism, 343 
——— phosphatase: see Enzymes 
-—— phosphate excretion; cyclical changes dur- 
ing adaptation to DOC-induced Na reten- 
tion, 1426 
PIGMENT: see also Adrenal disorders, Addison’s 
disease 
— — bilirubin: see Liver and Gall Bladder, 
function tests 
——— in urine after U-9189 admin., 128 
PITRESSIN: see Pituitary preps. & comps. (anti- 
diuretic hormone, vasopressin) 
PrrurraRy: see also Gonadotropins 
DISORDERS 
acromegaly and pituitayy failure; TSH- 
PBI test in, 465 
—— acromegaly; metabolic effects of human 
growth hormone and androgen in, 119 
—— diabetes insip.; effect of HGH on Na, 
K, and aldosterone, 361 
—— eosinophilic adenoma (acromegaly) 
assoe’d with carcinoid of recto-sigmoid, 
735 
——— gigantism in child; effect of irradiation, 
estrogens and starvation on, 343 
—— hypophysectomized women; cortisol re- 
moval rates in, 1248 
—— hypophysectomy in twelfth week; com- 
pletion of pregnancy foll’g, 1139 
— hypopituitarism and acromegaly; urin- 
ary ACTH in, 140 
— hypopituitarism; 
blood in, 281 
—— hypopituitarism, postop.; thyroid ac- 
tivator in serum, 635 
—— hypopituitarism; renal function in: ef- 
fects of T; on, 548 
—— panhypopituitarism after op. for chromo- 
phobe adenoma; completion of preg- 
nancy; hormone studies, 1139 
——— panhypopituitarism and acromegaly; 
effect of ACTH, SU-4885 and pyrogen 
on plasma 17-OH-CS in diff. diagnosis, 
433 
— pituitary dwarf; long-term effects of 
human growth hormone (Li) in, 721 
—~ pituitary dwarfism and deficiency; ab- 
sorption and excretion of parenterally 
admin’d HPG in, 575 ; 
—— Sheehan’s syndrome; reappearance of 
menstruation and gonadotropins after 
hormonal treatment, 1007 
stalk section for exophthalmos; effect 
of EPS of serum, 648 
GONADOTROPINS: see Gonadotropins 
PHYSIOLOGY & PATHOLOGY 
ACTH: see Pituitary preps. & comps. 


‘atecholamines of 


—— basophil cells of; two types, 732 
—— hypophysectomy: see Pituitary dis- 
orders 
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Prrurrary (cont'd.) 


PHYSIOLOGY & PATHOLOGY (cont’d.) 
—— pituitary hormones: see Gonadotropins; 
and Pituitary preps. & comps. 
—— pituitary, human or rat; assay of TSH 
in, 1280 
——— pituitary-adrenal interrelationship in 
CNS diseases, 1023 
—— pituitary-adrenal responsiveness, 433 
PREPARATIONS & COMPOUNDS 
Adrenocorticotropic Hormone (ACTH) 
—— ACTH in adrenal insufficiency; ex- 
cretion of Pettenkofer chromogens 
during, 955 
—— ACTH test: see also Adrenal physiol. 
«& path. (function tests) 
—— blood ACTH in Cushing’s disease 
(bilat. adrenalectomy), 426 
—— determination of in urine by benzoic- 
acid adsorption method, 140 
—— effect on excretion of 68-OH-cortisol, 
1290 
—— effect on excretion of pregnanediol 
and triol, 17-OH-CS and 17-KS in 
adrenocort. disorders, 923 
—— effect on plasma free and conj. 17- 
OH-CS in normal subjects and after 
gastrectomy, 39 
effect on plasma 17-OH-CS in diff. 
diagnosis, 433 
—— effect on steroid content of sper- 
matic vein blood in ease of testicular 
tumor and CAH, 663 
—— effect on steroid excretion in case of 
bilat. testicular tumors +CAH, be- 
fore and after orchiectomy, 518 
—— effect on urinary steroid patterns in 
case of CAH with spont. abortion, 675 
—— excretion in Addison’s dis. hypopi- 
tuitarism, anorexia nervosa and Cush- 
ing’s syn., 140 
—— extra-adrenal influence of ACTH on 
cortisol metabolism, 106 
—— release of; pretectal and temporal 
lobe areas of brain as factors, 695 
—— response to, after orchiectomy in 
male pseudohermaphrodism, 506 
—— response to, in some CNS diseases, 
1023 
—— response to, in Cushing’s syn.; effect 
of o,p’DDD on, 201 
Pituitary Hormones (General) 
—— extract compared with serum EPS; 
exophthalmic responses to; 648 
—— FSH (follicle-stimulating hormone): 
see also Gonadotropins 
——— gonadotropic hormones: see also 
Gonadotropins 
—— growth hormone, human, and sub- 
fractions; sodium retention with, 361 
—— growth hormone, human (Li); long- 
term effects in pit. dwarf, 721 
—— growth hormone, human; metabolic 
effects in dwarfism and acromegaly, 
119 
— human pituitary gonadotropin: see 
Gonadotropins : 
—— L.A.T.S. (long-acting thyroid stimu- 
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Pirurrary (cont’d.) 
PREPARATIONS & COMPOUNDS (cont'd.) 
lator) in thyrotoxicosis; dose-responses 
compared with those of TSH, 799 
—— oxytocie activity of blood in parturi- 
ent and lactating women, 985 
vasopressin and oxytocin; failure to 
stimulate thyroid function in the nor- 
mal male, 1543 
vasopressin and water, sustained 
admin. of; renal response to, 231 
Thyroid-Stimulating Hormone (TSH) 
-activity in serum of euthyroid, 
treated hyperthyroid, and postop. hy- 
pothyroid patients; thyroid activator, 
1127 
— and thyroiditis, 738 
— effect on I'*! metab. in phenylketo- 
nuria, 865 
effect on I'#! uptake and PBI!*! in 
normal males, 1543 
—— effect on iodide inhibition test in nor- 
mal subjects, 1037 
—— effect on iodine metab. in H. thyroid- 
itis, 806 
—— effect on urinary and thyroidal iodide 
in man and rat, 554 
—— from plasma and tissues; fractiona- 
tion, 
—— hog versus bovine; early metabolic 
effects, 1494 
—— in serum of mother and fetus, 1013 
—— inactivated in study of early meta- 
bolic effects, 1494 
-——— poor response to in Klinefelter sub- 
jects with XXXY chromosome com- 
plex, 491 
—— purified bovine; dose-response char- 
acteristics studied by I! i.v. and 
orally; storage potency, 1469 
— purified, bovine; refractoriness to 
after prolonged admin.; antibody 
studies, 1475 
— TSH (4 injections); 
myxedema foll’g, 213 
—— TSH-PBI test, 465 
—— TSH test to prove permanent myx- 
edema foll’g gran. thyroiditis, 1384 
—— TSH-treated subjects; failure of 
thiourea to prevent hormone synthe- 
sis in, 157 
—— TSH versus the thyroid activator of 
hyperthyroidism, 635 
PLACENTA: see Gonadotropins, chorionic; Preg- 
nancy 
PLAsMA: see Blood 
Potyurtia: see Urine 
PortaAL VEIN: see Liver; Vascular system 
PorTER-SILBER (P-S) CuromoGEns: see Adrenal 
preps. & comps.; Steroids 
Posterior Pirurrary Exrract: see Pituitary 
preps. & comps., ADH, post. pit. extract, 
vasopressin 
PosTGRADUATE ASSEMBLIES AND COURSES: see 
Endocrine Society; and under Notices 
PosTMENOPAUSAL: see Menstruation; Ovary 
PostTPaRrTUM: see Pregnancy 


remission of 


Volume 21 


Posture; possible effect on pattern of natriuresis 
in response to DOC-induced Na retention, 
1426 

Potassium: see also Electrolytes; Sodium 

and sodium metabolism in familial peri- 

odic paralysis with hypokalemia; ECG, 

1079 

——)alance during admin. of 17a-OH-pro- 

gesterone, 909 

balance; effect of progesterone on as influ- 

enced by dietary protein, 1345 

—— balance: effect of RS-1280 and diuretics 
on, in cirrhosis with ascetes, 1364 

—— balance; effect of sustained admin. of 

vasopressin and water on, 231 

balance in dwarfism and acromegaly; ef- 

fect of HGH on, 119 

excretion, cyclical, during adaptation to 

DOC-induced Na retention, 1426 

—— hypokalemic alkalosis and adrenocortica! 

hyperfunction; excretion of 68-OH-cortiso! 

in, 263 

iodide: see Iodine (iodides) 

metabolism in women treated with 
mestanolone, 1099 

—— of serum in a case of gigantism, 343 

—— perchlorate: see Perchlorate 

retention with human growth hormone, 

61 


—— thiocyanate: see Thiocyanate 

Potency of purified TSH after storage, 1469 

PreE-ALBUMIN: see Protein 

Precocious PusBerty: see Ovary; Puberty; Sex: 
Testis 

PREDNISONE; PREDNISOLONE: see Adrenal preps. 
& comps. 

PREGNANCY: see also Estrogens; Gonadotropins; 
Menstruation; Ovary; Progesterone 

ion; effect on iodine metabolism in 
mother and fetus, 779 

—— abortion, spontaneous, in case of CAH; 

hormonal studies, 675 

and in the newborn; thyroid antibodies in 

blood, 792 

antithyroid antibody in, 209 

binding of aldosterone and cortisol by 

plasma in, 53 

chorionic gonadotropin: see also Gonado- 

tropins 

early; influence of oophorectomy on ster- 

oid excretion, 1119 

effect on iodine metab. in the primate, 77!) 

fetal testis; steroidogenesis in, 1611 

—— in previously barren patient, after remis- 
sion of myxedema by use of TSH, 213 


—- mother and fetus; TSH in serum, 1013 

——— parturient and lactating women; oxytocic 
activity of blood, 985 

—— placenta; metab. of estradiol, with ani 
without HCG, 895 

—— placenta; production of P-S chromogen: 
by, 1511 

—— pregnanediol; pregnanetriol: see also Preg- 

nanediol; Pregnanetriol 

progesterone; progestins: see also Pro- 

gesterone; Progestins 
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PREGNANCY (cont’d.) 
—— resin uptake of I'*!-T; as test of thyroid 
function in, 456 
—— resin uptake of T,!*! from serum in, 1448 
successful, foll’g hypophysectomy in 
twelfth week; hormone studies, 1139 
umbilical cord plasma; Porter-Silber ster- 
oids and cortisol in, 414 
PREGNANEDIOL: see also Progesterone; 
naney; Adrenal preps. & comps. 
—— and pregnanetriol excretion in cases of 
Leydig-cell tumor, 91 
—— and pregnanetriol in successful pregnancy 
after hypophysectomy, 1139 
and pregnanetriol; method for simult. 
det’n; excretion in adrenocort. disorders, 
923 
asa urinary and biliary metabolite of 17a- 
OH-progesterone, 1534 
excretion; effect of oophorectomy on in 
early pregnancy, 1119 
—— excretion in amenorrheic women 
single inj. of human pit. FSH, 1068 
excretion in CAH with! spont. abortion, 
675 
PREGNANETRIOL: see also Adrenal 
comps.; Progesterone; Pregnancy 
—— and dihydroxypregnane-20-one excretion 
in CAH, 765 
_ and other metabolites: unusual steroid 
pattern in infants with CAH, 860 
and pregnanediol excretion in male infant 
with hypospadias and adrenogen. syn., 
1087 
and pregnanediol; method for simult. 
det’n, excretion in adrenocort. disorders, 
923 
as a urinary and biliary metabolite of 
17a-OH-progesterone, 1534 
excretion in case of CAH with bilat. tes- 
ticular tumors, 518 
—— excretion in case of CAH with spont. abor- 
tion, 675 
excretion in male pseudohermaphrodism, 
506 
excretion in Stein-Leventhal syn., 586 
—— 17a-OH-pregnenolone the principal pre- 
cursor of, in virilizing adrenal adenoma, 
1522 
PREGNANETRIOLONE: see Steroids; Adrenal preps. 
& comps. 
PREGNENETRIOL: see also Steroids; Progesterone; 
Adrenal preps. & comps. 
——  asaurinary metabolite in a case of viriliz- 
ing ad. adenoma, 1522 
A3-pregnenetriol excretion in Stein-Leven- 
thal syn., 586 
PREGNENOLONE 
17a-hydroxypregnenolone as a precursor 
of urinary steroids in virilizing adrenal ade- 
noma, 1522 
pregnenolone-7a-H?; conversion to DHA, 
testosterone and androstenedione in the 
fetal testis, 1611 
PRESENTATION, Certificate of Merit: see Endo- 
crine Society 
PRESIDENTIAL ADDREsS, 1254 
PRETECTAL area: see Brain 


Preg- 


after 


preps. & 
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PretTIBIAL Myxepema: see Thyroid disorders, 
hypothyroidism 
PrimatEs; effect of pregnancy on iodine metab. 
in, 779 
PROGESTERONE: see also Estrogens; Menstrua- 
tion; Ovary; Pregnancy; Progestins; Ster- 
oids 
—— 4-C'-17a-OH-progesterone; urinary and 
biliary metabolites of, 1534 
—— catabolic influence of; effect of dietary 
protein on, 1345 
—— 6-chloro, 6-dehydro, 17a-acetoxyprogester- 
one; possible action as an aldosterone an- 
tangonist; effect of diuretics, 1364 
—— conversion products formed by human 
ovaries in vitro, 1218 
—— conversion to hydroxyprogesterone in 
demonstration of 16a-hydroxylase in ovary, 
1376 
—— effect on amino acid metabolism, 1345, 
1355 
——— group of steroids; plasma, urinary, biliary 
and fecal distrib., 753 
——- 17a-OH-progesterone, a salt-losing ster- 
oid; relation to CAH, 909 
—— 17-OH-progesterone-4-C"; metab. of in 
normal and CAH-virilized subjects, 765 
—— 17a-OH-progesterone in testicular tumor 
removed from boy with CAH, 518 
—— 17a-OH-progesterone not the principal 
precursor of pregnanetriol in  virilizing 
adrenal adenoma, 1522 
—-— 17a-OH-progesterone synthesized by tes- 
ticular tumor in case of CAH, 663 
—— pregnanediol; pregnanetriol: see Preg- 
nanediol; Pregnanetriol 
—— progesterone 4-C"; incubation of arrheno- 
blastoma with; formation of 17-OH- 
progesterone and testosterone, 165 
—— radioactive 17a-OH-progesterone and 6a- 
methyl-17a-acetoxyprogesterone; disposi- 
tion of, 753 
PROGESTINS 
ethnyl nortestosterone (Norlutin); and~o- 
genic action on prepuberal sebaceous 
glands, 215 
— 17a-ethyl-19-nortestosterone; effect on 
clearance of infused cortisol in men, 826 
—— progestin in blood of newborns, 862 
Proenostic value of early determination of 
thyroidal radioiodine uptake, 1483 
Proarams: see Endocrine Society; and under 
Notices 
PROLACTIN: see Breast, lactation 
PropaNONE CompouNp (SU-4885); plasma 17- 
OH-CS response to, 433 
PROPYLTHIOURACIL: see Thiouracil 
PROTEIN: see also Nitrogen 
abnormal iodoprotein in blood in 2 cases 
of hyperthyroidism, 1455 
agammaglobulinemia; effect of HGH in 
ease of, 119 
—— albumin of serum in diagnosis of H. thy- 
roiditis, 879 
—— anabolic action of mestanolone in women, 
1099 
antibodies: see Antibodies 
—— binding in slices of exoph. goiter, 849 
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PROTEIN (cont'd.) 
binding of cortisol and corticosterone, 
1146 
— creatine tolerance tests in a case of gigan- 
tism, 343 
—— dietary; effect on the catabolic influence of 
progesterone, 1345, 1355 
—— electrophoreses of sera foll’g admin. of 
hog thyroglobulin, 1572 
— globulin and albumin in plasma; corti- 
costeroid binding by; effect of tempera- 
ture, 53 
—— globulin, thyroxine-binding (TBG), see 
Iodine; Thyroid 
—— iodoproteins, abnormal, in blood of some 
goitrous adults; electrophoresis; antibodies 
1390 
—— lipoproteins of serum; effect of androster- 
one on, 1208 
—— marked abnormalities in serum; 
resin uptake in euthyroid patients with, 
56 
—— nucleic acid: see Desoxyribonucleic acid 
—— overall binding of Tetrae and Triac, 1548 
—— plasma protein-binding of cortisol, 826 
—— pre-albumin; thyroxine binding by, 104 
—— serum albumin, radioiodinated; diurnal 
pattern in rate of disappearance from 
serum, 582 
—— serum proteins; decreased thyroxine- 
binding by, with normal PBI, hyperthy- 
roidism; 2 cases, 1455 
PSEUDOHERMAPHRODISM: see Ovary; Testis; Sex 
PsycuiaTric: see Mental 
Psycuouoaic: see Mental 
Psycuosis: see Mental 
PUBERTY 
—— intermittent genital precocity assoe’d 
with episodes of bronchitis, 80 
—— normal; see Children; Ovary; Testis 
— precocious; excretion of DHA and P 
chromogens, 1321 
— precocious: see also Adrenal disorders; 
Ovary; Testis 
PUERPERIUM: see Pregnancy 
PuLsE pressure: see Vascular system 
PURIFICATION: see Methods 
PyroGENs: see Temperature 


=_— : see Radioactive; Roentgen rays 
RADIOACTIVE 
- Au '%8 and J'3! for liver scintigram in case 
of thyrotoxicosis due to an hepatic meta- 
stasis, 1334 
—— C"-corticosteroids: see Adrenal preps. & 
comps. 
—— 4-C'+-cortisol: see Adrenal preps. & comp 
—— 4-C'-cortisone acetate: see Adrenal preps. 
& comps. 
—— C'4-178-estradiol: see Estrogens 
—— C'4-estrogens: see Estrogens 
—— 4-C'-hydrocortisone: see Adrenal preps. & 
comps. 
—— 4-C'.-68-hydroxycortisol: see Adrenal 
preps. & comps. 
—— 4-C'-17a-hydroxyprogesterone and 6a- 
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RADIOACTIVE (cont’d.) 

methyl-17a-acetoxyprogesterone: see 

gesterone 

4-C'4-progesterone: see Progesterone 

calcium®: see Calcium 

—— H*-cholesterol: see Cholesterol 

—— 7-H®-aldosterone: see Adrenal preps. «& 
comps. 

— 7a-H*-pregnenolone: see Pregnenolone 

—— and I'*?: see Iodine, radioactive 

—— radioactive agents in det’n of corticoids 
of plasma, 1146 

—— radioactive 6a-methylprednisolone: see 
Adrenal preps. & comps. 

—— radioiodinated serum albumin: see Iodine, 
radioactive; Proteins 

—— radiosensitivity of thyroid in system of 
therapy for toxic and nontoxic goiter, 817 

—— strontium*®: see Strontium 

—— Tetrac!! and Triac'*!: see Thyroid preps. 
& comps. 

—— thyroxine™ and triiodothyronine"; see 

Thyroid preps. & comps. 

tritium-labeled compounds: see Radioac- 

tive, H3 labeling. 

RapDIOIoDINE: see Iodine, radioactive 

Rapio-THYRONINES, THYROXINE AND TYROSINES 
see Thyroid preps. & comps.; Iodine, radio- 
active 

ReEcrIPIENts oF AWARDs: see Endocrine Society; 
Am. Goiter Association 

Recro-Sicmorp: see Gastro-intestinal tract 

RENAL: see Kidney; Urine 

Repropuction: see Menstruation; Ovary; Preg- 
nancy; Sex; Testis 

RESEARCH, Clinical; adventures in (Pres. Address), 
1254 

ReEsERPINE; lactation induced by in uremia, 1489 


RESIN 


uptake of I'-T; as test of thyroid func- 
tion, 456 
—— uptake of radiothyroxine from serum in 
thyroid disease and in pregnancy, 1448 
REsIsTANCE: see also Antibodies 
—— insulin resistance and conc. of insulin- 
binding antibodies, 533 
—— to TSH after prolonged administration, 
1475 
—— to vitamin D in case of hypoparathyroid- 
ism responsive to Mg SO,, 219 
Review; determination of cortisol and corti- 
costerone in blood, 1146 
Ruesus MacaQuE: see Species 
RoENTGEN Rays 
effect on gigantism in a child, 343 
—— postoperatively, for thyroid carcinoma, 
1596 
——— radiographic iodine comps. in serum; PBI 
det’d in presence of, 1272 
Route oF ADMINISTRATION 
—— androsterone orally versus i.m.; effect in 
serum lipids, 1208 
——— of I'* (oral or i.v.); effect on thyroidal up- 
take after admin. of purified TSH, 1469 
—— parenterally admin’d HPG; absorption 
and excretion, 575 
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Route oF ADMINISTRATION (cont’d.) 

sublabial gonadotropin; absorption, 579 

RS-1280: see Progesterone (chloro-dehydro-ace- 
toxy) 


ne see Carbohydrate metab. 
SACCHAROLACTONE; inhibition of enzymic hydrol- 
ysis of conj. P-S chromogens by, 1511 
Sart: see Sodium; Electrolytes 
ScHIZOPHRENIA: see Mental 
ScHouar, Upsoun: see Endocrine Society 
SEBACEOUS GLANDs: see Skin 
SEMEN: see Testis 
Serum: see Blood 
Sex: see also Androgens; Estrogens; Gonadotro- 
pins; Ovary; Progesterone; Testis 
—— chromatin pattern in dystrophia myo- 
tonica, 1592 
—— chromosome counts (skin cells) in new 
type of human intersex, 727 
—_— determination of, by drumsticks and other 
nuclear appendices (in leukocytes); analy- 
ses in 804 normal subjects, 965 
—— gonadal dysgenesis: see also Ovary; Testis 
—— male pseudohermaphrodism with female 
chromosomal complement, 727 
—— males and females; electrical capacity of 
skin, 1054 
-—— males and females; excretion of Petten- 
kofer chromogens (DHA), 955 
—— males and females; excretion of A®*-preg- 
nenetriol and 36-OH-A* steroids, 1304 
——— males and females, normal, adult; urinary 
aldosterone values (new method), 148 
—— males and females, normal; excretion of 
DHA and P. chromogens in, 1321 
~—— males and females; normal plasma levels 
of corticoids at various times of day, 1146 
——males and females, normal; urinary 
catecholamines, 305 
—— males, normal; effect of pregesterone on 
amino acid metabolism, 1345, 1355 
-—— men and women; differences in response of 
PBI to 2 synthetic estrogens in ath. heart 
disease, 243 
——- normal men; HPG in urine of, 1 
——— normal men: see also Testis 
—— normal women: see also Ovary 
—-- sex not a factor in thyroidal radiosensi- 
tivity in thyrotoxicosis, 817 
—— sex related to histologic type of thyroid 
cancer and survival rates, 1596 
——- sexual behavior in women: role of andro- 
gens, 482 
—— sexual factor in body hair growth of wom- 
en, 1440 
—— XXXY sex chromosome complex in 
Klinefelter subject with duplicated sex 
chromatin, 491 
SEXUAL: see Sex; Ovary; Testis 
Sexvuat Precociry: see Adrenal disorders; Ovary; 
Puberty, precocious; Testis 
SHEEHAN’sS SYNDROME: see Pituitary disorders 
SKIN: see also Hair; Pigment; and re various dis- 
eases 
—— acne in cases of Cushing’s syndrome: see 
Cushing’s syn. 
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SKIN (cont’d.) 
—-— cells with duplicated sex chromatin in 
Klinefelter subject; XXXY chromosome 
complex, 491 
—— electrical capacity of in thyroid diseases; 
correl. with BMR and I'*! uptake, 1054 
—— nuclear chromatin pattern: see Sex 
—— sebaceous glands; androgenic effects of 
Norlutin on; test for androgenicity, 215 
Sopium: see also Electrolytes; Potassium 
——and potassium metabolism in familial 
periodic paralysis; effect of low-sodium 
diet, 1079 
—— balance during admin. of 17a-OH-pro- 
gesterone, 909 
—— balance; effect of HGH on in dwarfism 
and acromegaly, 119 
—— metabolism; effect of sustained admin. of 
vassopressin and water on; hyponatremia, 
231 
—— natriuretic effect of chloro-dehydro-ace- 
toxyprogesterone in cirrhosis with ascites, 
1364 
—— retention, DOC-induced; cyclical pattern 
of renal excretion during adaptation to, 
1426 
—— retention with human growth hormone 
and subfractions, 361 
—— salt-losing CAH; bilat. testicular tumors 
with, 518 
salt-losing steroid, 17a-OH-progesterone, 
—— sodium-retaining substances: see also 
Adrenal preps. & comps. 
effect on assays of acid-hydrolyzed steroid, 
1092 
——- effect on yield of corticoids from blood, 
1146 
SOLVENTS 
—— effect on assays of acid-hydrolyzed ster- 
oid, 1092 
—— effect on yield of corticoids from blood, 
1146 
SPECIES 
—— bovine purified TSH in man; dose-re- 
sponses and antibodies to, 1475 
—— Fundulus used in study of exophthalmos- 
producing substance, 648 
—— hog thyroglobulin I'*!-labeled ; components 
of PBI foll’g admin. of, 1572 
—— hog versus bovine TSH; early metabolic 
effects, 1494 
—— rhesus macaque versus human; effect of 
pregnancy on iodine metab. in, 779 
SPERMATOZOA: see Testis 
SPIRONOLACTONE as aldosterone antagonist, used 
in RS-1280 study, 1364 
SqurpB see Endocrine Society, 
awards 
STARVATION: see Nutrition 
SratisticaL Srupy of 390 patients with thyroid 
carcinoma; 40-year period, 1596 
STeEIN-LEVENTHAL SYNDROME: see Ovary; Syn- 
dromes 
Srertiuity: see Menstruation; Pregnancy; Ovary; 
Testis 
Sreroips: see also Adrenal preps. & comps.; 
Androgens; Estrogens; Progesterone 
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Srerorps (cont’d.) 
ACTH and steroids, urinary, in various 
diseases, 140 
adrenal steroids: see also Adrenal preps. & 
comps. 
—— aldosterone: see Adrenal preps. & comps. 
—— alpha-ketolic and 68-OH-cortisol in adre- 
nal hyperfunction, 263 
androgens: see Androgens 
biosynthesis in human ovary, 1218 
biosynthesis of by testicular tumors, 663 
- corticoids; corticosteroids; corticosterone: 
see also Adrenal preps. & comps. 
- cortisol, cortisone: see Adrenal preps. & 
comps. 
determination of: see Methods 
estrogens: see Estrogens 
— etiocholanolone, dehydroepiandrosterone, 
and various other steroids in male pseudo- 
hermaphrodism; before and after orchiec- 
tomy, 506 
- excretion (incl. DHA) in male infant with 
hypospadias and adrenogen. syn., 1087 
- fluorocorticoids: see Adrenal preps. & 
comps. 
hydrocortisone: see Adrenal preps. & comps. 
— 17-hydroxycorticosteroids: see Adrenal 
preps. and comps. 
- 17-hydroxyprogesterone: see Progesterone 
- in tissue and blood; quant. extraction and 
partial purification of steroids in, 62 
- 17-ketogenic steroids: see Adrenal preps. & 
comps. 
- 17-ketosteroids (17-Ks): see also separate 
section under Steroids; and Adrenal preps. 
comps. 
— new urinary steroids and identification of 
66-hydroxycortisol in urine, 1290 
- Pettenkofer chromogens: see Adrenal 
preps. & comps. 
pregnanediol; pregnanetriol: see 
nanediol; Pregnanetriol 
pregnanetriolone and A®-pregnenetriol ex- 
cretion abnormal in S-L syn., 586 
A®-pregnenetriol and other 38-hydroxy-A5 
steroids; excretion in endocrine disorders, 
1304 
— progesterone, see Progesterone 
- progesterone versus cortisol groups; dispo- 
sition of, 753 
- salt-losing steroid, 17a-OH-progesterone, 
909 
- sex steroids: see Androgens; Estrogens; 
Progesterone 
— steroid conversion reactions; great normal 
variability in, 271 
- steroid excretion; influence of oophorec- 
tomy on in early pregnancy, 1119 
— steroidogenesis in the fetal testis, 1611 
- steroid-secreting (chiefly 17a-OH-proges- 
terone) testicular tumors in boy with CAH; 
effect of orchiectomy; urinary steroid 
fractions; 518 
-transmethylation of 2-OH-estrogens by 
human tissue, 211 
unusual steroid pattern in CAH; enzyme 
deficiency, 850 
— urinary steroids; 17a-OH-pregnenolone as 
a precursor of, 1522 
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Srerorps (cont’d.) 

17-KETOSTEROIDS 
and 17-KGS excretion in CNS disease, 
1023 
and other steroids; excretion in virilizing 
adrenocort. disorders; effect of ACTH, 
923 

—— and P. chromogen excretion in endocrine 
disorders, 955 

——as metabolites of 17a-OH-progesterone, 
1534 

—— effect of HGP on in pituitary deficiency, 
575 

—— effect of o,p’'DDD on in Cushing’s syn., 
201 


—— effect of oral and i.m. admin. of androster- 
one on, 1208 
— excretion after admin. of 17-OH-proges- 
terone-4-C in CAH, 765 
—— excretion in case of testicular tumor com- 
plicating CAH, 663 
—— fractions excreted by man with Addison’s 
disease, 506 
—-— fractions in urine in case of 17a-OH- 
progesterone-secreting testicular tumors 
+CAH; effect of orchiectomy, 518 
—— from metabolism of hydrocortisone-4-C™ 
at various thyroid hormone levels, 1231 
— in cases of Leydig-cell tumor, 91 
—— in Cushing’s syn., during night and day, 
684 
—— in female genital precocity assoc’d with 
attacks of bronchitis, 80 
—— in male pseudohermaphrodism, before and 
after orchiectomy, 506 
—— in pit. dwarf treated with HGH, 721 
—— in virilized women; effect of estrogens on, 
931 
——- in virilized women with adrenal or ovarian 
tumor; plasma testosterone, 98 
—— pattern in case of CAH with spont. abor- 
tion; effect of ACTH, 675 
-—— unusual pattern in infants with CAH, 860 
——urinary, after admin. of long-acting 
testosterone esters, 271 
STILBESTROL: see Estrogens 
SToNEs: see Kidney 
Srress: see Mental; Surgery 
STROMA, Ovarian: see Ovary 
Strontium: Sr®; continuous infusion of in study 
of skeletal function, 611 
SU-4885: see also Amphenone 
—— plasma 17-OH-CS response to, 433 
—— test; 1]-desoxycortisol and cortisol of 
plasma in normal subjects and Cushing’s 
syn. with hyperpl., 943 
—— test; 17-KGS response to in some CNS 
diseases, 1023 
SUBLABIAL absorption of gonadotropin, 579 
Sussect INpEx to Vol. 21, 1627 
Sugar: see Carbohydrate metab.; 
Insulin 
SUPPRESSION tests: see Tests 
SurGERyY: see also under organ involved 
adrenalectomized patients: see Adrenal 
disorders 
castrates : see Ovary; Testis 
—— form of thyroidectomy for thyroid car- 
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SurGERY (cont’d.) 
cinoma, as affected by statistics over a 40- 
year period, 1596 
—— hypophysectomized patients: see Pitui- 
tary disorders 
—— surgical trauma; effect on plasma conj. 
17-OH-CS, 39 
—— thyroidectomy; effect of manipulation of 
gland on thyroxine turnover, 336 
—— thyroidectomy: see also Thyroid disorders 
SYMPATHETIC NERVOUS System: see Nervous 
system; Adrenal preps. & comps., catechola- 
mines 
Symposia: see Notices 
SyNDROME: see also various endocrinopathies 
—— adrenogenital: see Adrenal disorders 
——— Cushing’s: see Cushing’s syndrome 
—— familial syndromes: see also Familial 
—— Klinefelter’s: see Testis 
—— Sheehan’s; reappearance of menstruation 
and gonadotropins after hormonal treat- 
ment, 1007 
-—— Stein-Leventhal; abnormal excretion of 
pregnanetriolone and A®-pregnenetriol in, 
586 


—— Stein-Leventhal; effect of estrogens on 
17-KS excretion, 931 

—— Stein-Leventhal ovaries; 16a-hydroxylase 
activity in, 1376 

—— Stein-Leventhal ovaries; steroid biosyn- 
thesis by, 1218 

—— Stein-Leventhal; pregnenetriol and DHA 
excretion, 1304 

Syste of therapy, 817 


Ta (Thyroxine-binding globulin) : sée Thyroid 
preps. & comps. 
TBP (thyroxine-binding protein): see Thyroid 
preps. & comps. 
TEMPERATURE 
—— effect on binding of cortisol and aldoster- 
one, 53 
—— heat; effect on glucose-uptake stimulating 
activity of a fibrosarcoma, 541 
—— heat-inactivated TSH, in study of meta- 
bolic effects, 1494 
——— pyrogen; adrenal response to in some 
CNS diseases, 1023 
—— pyrogen, lipopolysaccharide; plasma 17- 
OH-CS response to, 433 
—— systemic reactions (incl. 
androsterone i. m., 1208 
TeMPORAL LoBE: see Brain 
Testis: see also Androgens; 
Steroids 
——— bilat. orchidectomy for testicular tumors 
in at effect on 17-KS and pregnanetriol, 
66 
chromosomal sex: see Sex 
—— disorders secondary to hypopituitarism: 
see Pituitary disorders 
—— eunuchoidism; absorption and excretion of 
parenterally admin’d HPG in, 575 
- fetal; steroidogenesis in, 1611 
homogenates, quant. extraction of steroids 
from, 62 
—— Klinefelter subjects with duplicated sex 


fever) from 


Gonadotropins; 
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Testis (cont’d.) 

chromatin; XX XY sex chromosome com- 
plex in, 491 

— male pseudohermaphrodism; testicular 
feminization; endocrine studies; effect of 
orchiectomy, 506 

— male pseudohermaphrodism with female 
chromosomal complement, 727 

—— male urine compared with postmeno- 
pausal; purification and yield of HPG, 
1260 

— male with Addison’s dis.; excretion of 
17-KS fractions, 506 

—— males; effect of 17-OH-progesterone on 
Na and K balance, 909 

—— men and eunuchs; urinary gonadotropins 
of, 839 

—— men, old and young; adrenal, renal, he- 
patic and thyroid function in; cortisol 
metab., 1197 

—— men, young and elderly; metabolism of 
cortisol-4-C™ in, 1413 

—— normal males; daily variation of serum 
TSH in, 1127 

—— normal males; failure of vasopressin or 
oxytocin to stimulate thyroid function in, 
1543 

—— normal males; sex by analysis of nuclear 
appendices, 965 

—— normal males; see also Sex 
normal men; assay of urinary HPG with 
purification procedure, 856 

—— normal men; TSH in serum, 1280 
testicular histology in male infant with 
hypospadias and the adrenogenital syn., 
1087 


testicular tumors, bilat., complicating 
congen. ad. hyperplasia; steroid secretion 
by (chiefly 17a-OH-progesterone), 518 

—— tumors of, in CAH; biosynthesis of ster- 
oids by; spermatic vein blood, 663 

—— young soldiers; effect of long-acting tes- 
tosterone esters on 17-KS excretion in, 271 

TESTOSTERONE AND Compounps: see Androgens; 
Steroids 
Tests: see also Methods 

ACTH test: see Pituitary preps. & comps., 
ACTH 

—— adrenal function: see also Adrenal 
antigen-antibody tests to show sublabial 
absorption of gonadotropin, 579 
ne (chromatin) for genetic sex: see 
ex 
for androgenic activity of progestins, by 
effect on human prepuberal sebaceous 
glands, 215 
for diff. diagnosis of types of pheochro- 
mocytoma; effect of histamine on plasma 
catecholamines, 281 
for euthyroidism versus hyperthyroidism 
by difference in response to thiocyanate or 
thiourea, 1566 
for Hashimoto’s thyroiditis; comparison 
of, 879 
for skeleval function, using continuous 
infusion of Ca*® and Sr**, 611 

—— for thyroid function by resin uptake of 
456 
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Tests (cont’d.) 
—— glucose (sugar) tolerance: see Carbo- 
hydrate metab.; Diabetes 
—— insulin tolerance: see also Insulin 
—— MHMA test in diagnosis of pheochromo- 
cytoma, 315 
—— pregnancy: see Gonadotropins (chorionic) ; 
Pregnancy 
—— rapid intravenous glucagon-free insulin 
tolerance test, 401 
—— SU-4885 test: see SU-4885 
— thyroid function: see Thyroid; Iodine 
~ thyroxine and triiodothyronine suppres- 
sion tests: see Thyroid preps. & comps. 
- thyroxine or T; suppression tests after I'! 
therapy for thyrotoxicosis, 569 
—— triiodothyronine suppression test; quant. 
observations, and comparison with thyrox- 
ine supp. test, 189 
~— TSH-PBI test, 465 
Trevrany: see Calcium: Parathyroid disorders 
TeTrRAc: see Thyroid preps. & comps. 
TETRAHYDROCORTISOL (THF); TETRAHYDRO- 
CORTISONE (THE): see Adrenal preps. «& 
comps. 
TETRAIODOTHYROACETIC Acip (Tetrac): see Thy- 
roid preps. & comps. 
THE (tetrahydro E); THF (tetrahydro F): see 
Adrenal preps. & comps. 
TueEca cells: see Ovary 
THIOCYANATE 
—— effect on discharge of I'*! in familial 
goitrous cretinism, 21 
—— effect on discharge of I'*' in slices of exoph. 
goiter, 849 
—— KSCN effect on I'* uptake in euthyroid 
versus hyperthyroid patients; serum thio- 
evanate levels, 1566 
—— KSCN;; effect on thyroidal I’! in TSH- 
treated patients, 157 
—— sodium thiocyanate; effect on response of 
thyroidal iodide to TSH, 554 
THIOURACIL 
—— effect on nuclei of thyroid epith. cells, 699 
- propylthiouracil; effect on resin uptake of 
T,!*! from serum, 1448 
—— propylthiouracil; effect on response of 
thyroidal iodide to TSH, 554 
— propylthiouracil; goitrogenic effect not 
altered by U-9189 in rat, 128 
THIOUREA 
—— effect on I'*! uptake in euthyroid versus 
hyperthyroid patients, 1566 
—— failure of to prevent hormone synthesis 
after admin. of TSH, 157 
THYROGLOBULIN: see Thyroid, preps. & comps. 
Tuyrorp: see also Antithyroid drugs; Iodine 
DISORDERS 
-earcinoma; forms, stages and survival 
rates over 40-year period; application to 
surgical approach, 1596 
— carcinoma; solitary metastasis to liver; 
cause of thyrotoxicosis, 1334 
—— goiter, endemic, in Uele region (Rep. of 
Congo); functional studies, 175, 996 
— goiter in rat; dietary and produced by 
U-9189, 128 
——- goiter, slight, in some Venezuelan 


SUBJECT INDEX TO VOLUME 21 


Tuyrorp (cont’d.) 


Volume 21 


DISORDERS (cont’d.) 
Indians; iodine excretion, 1009 
—— goitrous adults, eumetabolic; abnormal 
iodoproteins in blood, 1390 
—— goitrous cretinism, familial; defective 
organification of I in, 21 
—— Hashimoto’s versus other nontoxic 
nodular goiters; TSH-PBI test, 465 
—— nontoxie goiter; electrical capacity of 
skin correlated with BMR and I'*! up- 
take, 1054 
— nontoxic goiter; system of radioiodine 
therapy for, 817 
—— nontoxic goiter versus toxic goiter; 
effect of thyro-inhibitors on I'*! uptake 
in, 1566 
-—— thyroid dysfunction in mentally defee- 
tive Klinefelter subjects with XXXY 
chromosome complex, 491 
—— thyroiditis and TSH, 738 
—— thyroiditis, granulomatous; permanent 
myxedema following, 1384 
— thyroiditis, Hashimoto’s; comparison of 
certain lab. tests for, 879 
—— thyroiditis, Hashimoto’s; effect of io- 
dides on, 1037 
— thyroiditis, Hashimoto’s; iodine metab. 
in, 806 
thyrotoxicosis; antithyroid effect of 
U-9189; toxicity, 128 
Hyperthyroidism (exophthalmic goiter ; Graves’ 
disease; thyrotoxicosis; toxic adenoma) 
—— application of thiourea-TSH effects 
to treatment, 157 
-— basal metabolism; see also Basal Me- 
tabolism 
—— catecholamines of blood in, 281 
-—— decreased thyroxine-binding by serum 
proteins, with normal PBI; 2 cases, 
1455 
—— due to solitary hepatic metastasis of 
thyroid ca., 1834 
—— effect of magnesium loading on 
BMR and calcium, 31 
—— effect of thyroidectomy on PBI'*, 
BEI'*! and turnover of radiothyrox‘ne, 
336 
—— effect of TSH on urinary and thy- 
roidal iodide; influence of methima- 
zole and KSCN, 554 
—— electrical capacity of skin correlated 
with BMR and I'*! uptake, 1054 
—— exophthalmos: see also Eyes 
—— fractionation of plasma TSH, 1280 
Graves’ disease versus toxic nodular 
goiter; TSH-PBI test, 465 
— glucose utilization and response to 
insulin in, 387 
—— hydrocortisone metabolism in, 1231 
—— hyperthyroid versus euthyroid pa- 
tients in their response to thyro-inhibi- 
tory substances, 1566 
—— inhibition of I'* uptake by para- 
bromdylamine maleate, 739 
——- iodine in treatment and diagnosis: 
see also Iodine 
—— juvenile; antithyroid antibody in, 209 
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Tuyror (cont'd.) 
DISORDERS (cont’d.) 
.A.T.S. in serum; dose-responses 

compared with those of TSH, 799 

—preop. treatment with antithyroid 
drugs and thyroxine; changes in eye 
signs, 72 

—— progressive exophthalmos; EPS in 
serum, 648 

~ prognostic value of early I uptake 
after I'! therapy, 1483 

~ protein-bound iodine (PBI) of serum 
in: see also Iodine 
quant. observations with T; suppres- 
sion test; comparison with T, test, 189 
radioactive iodine in study and treat- 
ment: see also Iodine, radioactive 
-renal function in; effect of thyroid 
hormones, 548 
resin uptake of I'*!-T; from serum, as 
test of thyroid function, 456 

— resin uptake of I'*!-T, from serum in, 

1448 / 

—— system of radioiodine therapy for, 817 

—— thyroid activator of, compared to 
TSH, 635 

—— thyroid-stimulating (thyrotropic) 
hormone (TSH) in: see also Pituitary 
preps. and comps. 

—— thyroid suppressibility after I'' ther- 
apy for; various time intervals; appli- 
cation to diagnosis, 569 

—— thyroidal uptake of [8 in: see also 

Iodine, radioactive 

toxic nodule, solitary; effect of iodides 

on, 1037 
—— TSH in serum; 

tomy, 1127 

Hypoth yroidism (cretinism; myxedema) 

—— action of diphenylhydantoin on PBI 
in, 252 

cretinism assoe’d with endemic goiter, 
Uele region, Rep. Congo; functional 
studies, 175 

—— effect of hog TSH (also inactivated 
form) in, 1494 

—— effect of magnesium loading on BMR 
(before & after T;) and calcium, 31 

—— electrical capacity of skin correlated 
with BMR and I*! uptake, 1054 

—— familial goitrous cretinism; inheri- 
tance of defective organification of Tin, 
21 

—_— fractionation of plasma TSH, 1280 

—— glucose utilization and response to 
insulin in, 387 

—— hydrocortisone metabolism in, 1231 

—— myxedema; diagnostic tests in diag- 
nosis vs. H. thyroiditis, 879 

—— myxedema; dissociation of response 
to Triac in, 1044 

—-— myxedema rate in system of radioio- 
dine therapy for toxic and nontoxic 
goiter, 817 

—— myxedema; remission after 4 injec- 
tions of TSH, 213 
myxedema; the blepharoptosis of; 


effect of thyroidec- 
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Tuyrorp (cont’d.) 
DISORDERS (cont'd.) 
relation to sympathetic n. 
1402 
— permanent myxedemaafter granulom- 
atous thyroiditis, 1384 
—— postoperative; TSH in serum, 1127 
—— pretibial myxedema and exophthal- 
mos; EPS in serum, 648 
—— primary versus secondary myxedema; 
TSH-PBI test, 465 
——— protein-bound iodine (PBI) of serum 
in: see also Iodine, radioactive 
—— relation to antithyroid antibodies in 
pregnancy and newborn, 792 
—— renal function in; effect of thyroid 
hormones, 548 
— resin uptake of I'*!-T; from serum as 
test of thyroid function, 456 
—— resin uptake of I'*!-T, from serum in, 
1448 
— thyroidal uptake of I'*! in: 
Iodine, radioactive 
— thyroidectomized patients; 
removal rates in, 1248 
— treatment of, with thyroid com- 
pounds: see also Thyroid preps. & 
comps. 
PHYSIOLOGY & PATHOLOGY 
—— antibodies: see also Antibodies 
—— antithyroid antibody in juvenile dia- 
betes, 209 
- changes i in thyroid function produced by 
diphenylhy dantoin, 252 
—— histologic ty pes of carcinoma related to 
end- result; statistical study of 390 cases 
over 40-year period, 1596 
- hormone: see also Thyroid preps. «& 
comps.; Iodine 
—  hormogenesis in thyroids of goitrous 
Uele region, 996 
—— influence on metab. 
1231 
—— nuclear changes in thyroid epith. foll’g 
I'3! radiation and thiouracil, 699 
—— pathologic studies: see also Thyroid dis- 
orders 
—— protein-bound iodine (PBI) of serum: 
see also Iodine 
——— radioactive iodine in study of: see also 
Iodine, radioactive 
—— response of thyroid to TSH, 738 
—size of thyroid; effect on radiosensi- 
tivity, 817 
——— slices of normal thyroid and of exoph. 
goiter; iodine metab. in, 849 
—— thyroid activator of serum in thyro- 
toxicosis, 1127 
——- thyroid function 
metab., 387 
—— thyroid function and magnesium bal- 
ance, 31 
function and phenylketonuria, 
86: 
—— thyroid function in old and young men; 
cortisol metab., 1197 
—— thyroid function in the normal male; 


system, 


see also 


cortisol 


of hydrocortisone, 


and carbohydrate 
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Tuyroip (cont’d.) 


PHYSIOLOGY & PATHOLOGY (cont’d.) 
failure of vasopressin or oxytocin to 
stimulate, 1543 
—— thyroid function; studies of: see also 
Iodine, radioactive; Pituitary preps. & 
comps. (TSH); Thyroid preps. & comps. 
—— thyroid gland in case of thyrotoxicosis 
from solitary hepatic metastasis from 
thyroid ca., 1334 
—— thyroid hydrolysates (g. pig); thyroid 
synthesis after various treatments with 
thiourea and TSH, 157 
—— thyroid suppressibility after therapy 
for thyrotoxicosis, 569 
— thyroid tissue after 3 attacks of thy- 
roiditis foll’d by permanent myxedema, 
1384 
— thyroid-stimulating (thyrotropic) hor- 
mone (TSH): see also Pituitary preps. & 
comps. 
——— thyroidal I'*! uptake: see also Iodine, 
radioactive 
—— thyroidal I'* uptake after oral and i.v. 
admin., in study of purified TSH, 1469, 
1475 
—— thyroidal uptake soon after 
therapy; prognostic value, 1483 
—— thyroxine-binding protein or globulin 
(TBP or TBG) of serum: see also Thy- 
roid preps. & comps.; Iodine; Protein 
— variations in size and histology of thy- 
roid during treat. with antithyroid drugs 
_and thyroxine, 72 
PREPARATIONS & COMPOUNDS 
-— hormone synthesis; failure of thiourea 
to prevent in TSH-treated subjects, 157 
—— J'3l in study of: see also Iodine, radio- 
active 
- [3-T;; erythrocyte uptake of; effect of 
diphenylhy dantoin; interference with 
thyroxine binding in plasma, 252 
—— ]%1-triiodothyronine; resin uptake of, as 
test of thyroid function, 456 
—— iodinated compounds: see also Iodine 
—— radiothyroxine; resin uptake of, from 
serum, 1448 
—— radiothyroxine, turnover of; effect of 
thyroidectomy on, 336 
—— T;; effect on cortisol metab. in aged 
man, 1197 
~ T;; effect on cortisol removal rate in 
roidect’d patients, 1248 
—— TT; and T,; effect on abnormal blood 
iodoproteins in goitrous adults, 1390 
— T3, Ty, DIT and thyroglobulin; effect on 
iodine metab. in slices of exoph. goiter, 
849 
—— Ts, Ts, MIT and iodides in serum of 
patient with thyrotoxicosis due to an 
hepatic metastasis, 1334 
—— TBG and distrib. of thyroxine in the 
primate; effect of pregnancy on, 779 
—— TBG and TBP; see also Protein 
—— Tetrac'! and Triac'™'!; peripheral me- 
tabolism in euthyroid ard in bile-fistula 
subjects, 1548 
—— thyroglobulin (og) I'*!-labeled; com- 
ponents of PBI foll’g admin. of, 1572 
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PREPARATIONS & COMPOUNDS (cont'd.) 
—— thyroid activator of hyperthyroidism 
vs. TSH, 635 
—— thyroid and cortisone therapy in 
Sheehan’s syn.; reappearance of menses 
and gonadotropins, 1007 
—— thyroid and sympathetic nervous syst. 
hormones in myxedema, 1402 
—— thyroid hormone (T;); influence on 
hydrocortisone production and metab., 
1231 
—— thyroid hormone therapy; response to 
in dystrophia myotonica, 1592 
—— thyroid hormones, synthesis of; effect 
of U-9189 on, 128 
—— thyroid hormones (T;, T;, MIT, DIT): 
and secretion of in endemic goiter of 
Uele region, $96 
——thyronine; chlorine derivatives of; 
effect on serum and liver cholesterol and 
myocardium, 1579 
—— thyroxine and T;; effect on kidney func- 
tion in thyroid disease, 548 
—— thyroxine and T; suppression after ['*! 
therapy for thyrotoxicosis, 569 
—— thyroxine and T; turnover studies in 
dystrophia myotonica, 1592 
—— thyroxine and Tetrac; binding to pre- 
albumin, 104 
—— thyroxine binding by serum proteins 
low in 2 sisters with hyperthyroidism; 
RBC uptake of I'8!-T;, 1455 
—— thyroxine; det’n of in serum in presence 
of some iodine contaminants, 1272 
—— thyroxine!!; diurnal pattern in rate of 
disappearance from serum, 582 
—— thyroxine; effect on growth of pituitary 
dwarf, 721 
—— thyroxine plus antithyroid drugs; 
preop. treatment of thyrotoxicosis with, 
72 
—— triiodothyroacetic acid (Triac); disso- 
ciation of response to; comparison with 
thyroid substance and Tetrae, 1044 
triiodothyronine and magnesium; met- 
abolic effects of in hypothyroidism, 31 
triiodothyronine in blood of some sub- 
jects from Uele endemic goiter zone, 
Rep. Congo, 175 
triiodothyronine suppression test ver- 
sus thyroxine s. test, 189 
—— tyrosine pool; T, and T; of serum, in 
case of phenylketonuria, 865 


THYROID-STIMULATING HoRMONE (TSH): see 


Pituitary preps. & comps. 


Tuyrorpitis: see Thyroid disorders 
SUBSTANCEs: see Antithyroid 


drugs; Methimazole; Thiocyanate; Thioura- 
cil; Thiourea 


THYRONINEs: see Thyroid preps. & comps. 
TuyroToxicosis: see Thyroid disorders, hyper- 


thyroidism 


Tuyrotropic Hormone (TSH): see Pituitary 


preps. & comps. 


THYROXINE: see Thyroid preps. & comps. 
THYROXINE-BINDING GLOBULIN (TBG) or PRo- 


TEIN (TBP): see Thyroid preps. & comps.: 
Protein 
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TIssuEs: see also under organ involved 
cells: see Cells 
—— chromosomes: see Nuclei; Sex 
—— human; transmethylation of 2-OH-estro- 
gens by, 211 
—— liver, adrenal, gonads, blood; quant. ex- 
traction and partial purification of ster- 
oids in, 
—— slices: see under organ involved 
—— sublabial absorption of gonadotropin, 579 
—— various cells; nuclear sex chromatin: see 
Sex 
—— various tissues; assay of TSH in, 1280 
TOLBUTAMIDE: see also Diabetes 
diagnostic value of in hypoglycemic 
states, 371 
—— therapy; correlation of insulin dosage 
with, 533 
Toxic ADENOMA: Toxic GOITER: 
disorders, hyperthyroidism 
Toxic Reactions: see also Temperature, pyro- 


ens 
to U-9189, 128 j 
TRAINING ProGrams: see Notices 
TRANQUILIZERS: see Nervous system 
Trauma: see Mental; Surgery 
Triac: see Thyroid preps. & comps. 
TRIAMCINOLONE: see Adrenal preps. & comps. 
TRICHLOROTHYRONINE: see Thyroid preps. & 
comps., thyronine 
(U-9189): 
see Antithyroid drugs; Thyroid 
TRIGLYCERIDES: see Fat; Lipids 
TriopoTHyROACETIC Acip (Triac): see Thyroid 
preps. & comps. 
TRIIODOTHYRONINE (T3): 
comps. 
TRIIODOTHYROPROPIONIC AcID (Trip): : see Thy- 
roid preps. & comps. 
TRIMETHYLCOLCHICINIC AcrIp; effect on cortisol 
removal rate in leukemia, 1248 
Tritium: see Radioactive, 
TSH: see Pituitary preps. & comps. 
TUBERCULOsIS; anabolic action of mestanolone in 
women with, 1099 
Tumors: see also Cancer; and under organ in- 
volved 
—— adrenal: see also Adrenal disorders; and 
Cushing’s syn. 
arrhenoblastoma; formation of androgens 
by in vitro, 165 
——— carcinoid: see Cancer 
——— eosinophilic adenoma: 
orders 
—— fibrosarcoma, retroperitoneal assoe’d with 
spont. hypoglycemia; insulin activity in 
541 


see Thyroid 


see Thyroid «& 


see Pituitary dis- 


—— function studied by I'*!: see Iodine, radio- 
active 

—— goiter: see Thyroid disorder 

—— hilus-cell tumor of ovary in virilized wom- 
an; plasma testosterone; urinary 17-KS, 
98 

——— insuloma: see Pancreas; Insulin 

—— interstitial-cell: see Testis; Ovary 

———- islet-cell: see Pancreas; Insulin 

——leiomyomas of uterus; correlation with 
ovarian stromal hyperplasia, 472 
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Tumors (cont’d.) 
Leydig-cell, of ovary, causing virilization, 
neuroblastoma in children; excretion of 
catecholamines and metabolites; effect of 
cytoxan, 321 

—— pancreatic adenoma: see Pancreas 

steroid-secreting, testicular; see Testis 

TyrostNEs: see Thyroid preps. & comps. 


U-ois0: see Antithyroid drugs, tricyano-amino- 


pro 
UELE Resatox (Africa): endemic goiter in, 175, 
996 


UFA Teall fatty acid): see Fat 

UMBILICAL Corp: see Pregnancy 

Upsoun ScHOLAR AND AWARDS: 

Society 

Urea: see Nitrogen 

Uremia: see Kidney 

URINE: see also Kidney; Water 
adrenocortical metabolites: 
preps. & comps. 
aldosterone: see Adrenal preps. & comps. 
amino acids: see Nitrogen 
ammonia: see Ammonia 
and concrete re kidney stones, 1254 
androgens: see Androgens; Steroids 
androsterone plus etiocholanolone: see 
Steroids, 17-KS; Androgens 

—— aromatic acids: see Aromatic acids 

—— calcium: see Calcium; Electrolytes; Para- 
thyroids 

——eatechol amines: see Adrenal preps. & 
comps. (epinephrine, norepinephrine) 

—— chloride: see Electrolytes; Sodium 
chorionic gonadotropin: see Gonadotro- 
pins; Pregnancy 

icoi corticosteroids: 
preps. & comps. 
creatinine: see Nitrogen 

—— dehydroepiandrosterone: see Adrenal 
preps. & comps.; Steroids, 17-KS; Andro- 
gens 

—— diabetes insipidus: see Pituitary disorders 

—— diuresis: see Kidney; Pituitary disorders 
(diabetes insip.); Pituitary preps. & 
comps. (ADH, vasopressin); Water 

—— electrolytes: see Electrolytes 

—— epinephrine and _ norepinephrine: see 
Adrenal preps. & comps. 

—— estrogens: see Estrogens; Steroids 
excretion of radioactive progesterone vs. 
cortisol groups of steroids, 753 

—— follicle-stimulating hormone (FSH): 
Gonadotropins 

—— glucose: see Carbohydrate metab.; 
betes mell 
gonadotropin: see Gonadotropins 

—— gonadotropin-inhibiting substance: see 
Gonadotropins 

— HPG: see Gonadotropins 

— 17-hydroxycorticosteroids 
see Adrenal preps. & comps. 

—— 66-hydroxycortisol and other new polar 
corticoids in, 1290 

—— 17a-hydroxypregnenolone: see 
preps. & comps.; Pregnenolone 


see Endocrine 


see Adrenal 


see Adrenal 


Dia- 


(17-OH-CS): 


Adrenal 
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URINE (cont’d.) 
—— hypercalciuria: see Calcium 
— J]! excretion: see Iodine, radioactive 
——in pregnancy: see Gonadotropins; Preg- 
nancy; Pregnanediol 
—— interstitial-cell stimulating hormone 
(ICSH): see Gonadotropins 
— iodine compounds: see Iodine 
- 17-ketogenic steroids (17-KGS): see Adre- 
nal preps. & comps.; Steroids 
—— 17-ketosteroids (17-KS): see Steroids, 
17-KS; and Adrenal preps. & comps. 
-—— 17-OH-CS: see Adrenal preps. & comps. 
—— methods for determination of constitu- 
ents: see Methods; Tests 
3-methoxy-4-hydroxymandelic acid: see 
Adrenal preps. & comps. 
— nitrogen: see Nitrogen; Protein 
osmolality and volume during sustained 
admin. of vasopressin and water, 231 
osmolality, titratable acidity, pH, and 
solute excretion; cyclical changes in during 
adaptation to DOC-induced Na retention, 
1426 
— pentosuria; metab. of L-xylulolose in, 887 
—— phenylketonuria and thyroid function, 
865 
—— phosphorus: see Phosphorus; Parathyroids 
pigment in after U-9189 admin., 128 
— potassium: see Potassium; Electrolytes 
— pregnanediol; pregnanetriol: see Preg- 
nanediol; Pregnanetriol 
— pregnenetriol: see Pregnenetriol 
radioactive compounds: see Radioactive; 
amd Iodine, radioactive 
- renal function: see Kidney 
- sodium: see Sodium; Electrolytes 
steroids: see Adrenal preps. & comps.; 
Androgens; Estrogens; Pregnanediol and 
-triol; Pregnenolone; Pregnenetriol; Ster- 
oids 
- sugar: see Carbohydrate metab.; Dia- 
betes mell. 
—— THF, ATHF and THE: see Adrenal 
preps. & comps. 
—— urinary and biliary metabolites of 4-C'- 
17a-OH-progesterone, 1534 
Urerus ANp VAGINA: see also Menstruation; 
Ovary; Pregnancy 
endometrial overgruwth and leiomyomas; 
correlation with ovarian stromal hyper- 
plasia, 472 
—— fetus: see Pregnancy 
—- menstruation: see Menstruation; Ovary 
— placenta: see Pregnancy 
— pregnancy: see Pregnancy 
~ vaginal smear; effect of single inj. of hu- 
man pit. FSH on in amenorrhea, 1068 
— vaginal smears: see also Estrogens; Men- 
struation; Ovary 


/ A: VAGINAL: see Uterus and Vagina 
VascuLaR System: see also Blood; Heart 

—— arteriosclerosis in relation to ovarian 
stromal hyperplasia, 472 
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VASCULAR SystTEM (cont'd.) 
—— hypertension; catecholamines of blood in, 
281 
~— hypertension in assoc. with high produc- 
tion of norepinephrine in some children 
with neuroblastoma, 321 
— portal vs. peripheral venous infusion of 
hydrocortisone in dog; effect on plasma 
17-OH-CS, 39 
——— pulse pressure and rate; effect of hog TSH 
on, 1494 
—— pulse rates in thyrotoxicosis after opera- 
tion; effect of preop. treat. with antithy- 
roid drugs & thyroxine, 72 
VASOPRESSIN: see Pituitary preps. & comps. 
(ADH, Pitressin) 
VeEINs: see Vascular system 
VENEZUELAN INDIANS; iodine excretion, 1009 
VIRILIZATION: see also Adrenal disorders; Andro- 
gens; Hair; Ovary; Testis 
—assoe’d with adrenal disease; see also 
Adrenal disorders; and Cushing’s syn. 
—by arrhenoblastoma forming androgens 
in vitro, 165 
-— excretion of DHA, 17-OH-CS and 17-KS, 
955 
— hirsutism, idiopathic: see Hair 
~—— in women with adrenal and with ovarian 
tumors; plasma testosterone, 98 
—— in women with Leydig-cell tumor of ovary, 
91 
—— virilized women; steroid excretion; effects 
of hormone admin., 923, 931 
—— virilizing adrenal adenoma: see Adrenal 
disorders 
VITAMINS 
—— D in treatment of postmenop. osteoporo- 
sis: hypercalcemia from, 101 
— D-resistant case of hypoparathyroidism 
responsive to MgSQ,, 219 


W ame: see also Kidney; Urine 
—— and vasopressin; sustained admin. of: 
renal response to, 231 
—— antidiuretic hormone: see Pituitary preps. 
& comps. 
—— diabetes insipidus: see Pituitary disorders 
—— free water loss; changes during adaptation 
to DOC-induced Na retention, 1426 
——.- from rivers in Venezuela; iodine content, 
1009 
lacking in I in Uele endemic goiter region, 
Rep. Congo, 175 
polyuria: see Urine 
Women: see Sex; Ovary 


see Roentgen 

XXXY sex chromosome complex in Klinefelter 
subjects with duplicated sex chromatin, 491 

XYLITOL DEHYDROGENASES: see Enzymes 

L-XYLULOSE metabolism; normal and abnormal, 


887 


; 
‘ 
re 
é 


jhe Journal of 
Endocrinology 


4961 


ore 


VOLUME 21 DECEMBER. 1961 NUMBER 12 


Perfusion Studies of the Human Placenta. IIL. Production of Free and Conjugated 
P. Troen 

7u-Hydroxy pregnenolone as a Precursor of Steroids ino a Patient with 
a Virilizing Adenoma of the Adrenal 

A.D. Roberts. RL ande and 8. Lieberman 

Biliary and Metabolites of progesterone in’ Human 

ermeulen. Slaunichite. Jroand 1. 1. Sundberg 

Failure of Vasopressin or Oxytocin to Stimulate Thyroid Function in the Normal 
1. MW. Moses. Lobor sha LR. B. Chodos. and Llovd 

The Peripheral Metaboli-m of Tri- and ‘Tetraiodothy roacetic Acids in Man 
WL. Green and 8S. Inghar 

Differences in the Response of Euthyroid and Hyperthyroid Patients to Thyro- 
Inhibitory Substances : 

VoL. Mitchell. O° Rourke and I. B. Harden 
nts of the Serum Protein-Bound lodine Following Administration of 
O. Wynn 
The Effects of Various Chlorine Derivatives of Thyronine on Serum Cholesterol 


Concentration and Myocardial Stimulation in Rats and Humans 
WF. Cuthbertson, Eleoate. Treland, D.C. B. Wills. Bovd and 


VW. F. Oliver 
Thyroxine and Triiodothyronine Turnover Studies in Dystrophia Myotoniea 5. 1592 
Weed. Ruhl. TS. Halper and R.M. Dowben 
Carcinoma of the Thyroid Gland: A Statistical Study of 390 Patients . 1596 
Hirabayashi and Lindsay 
Letter to the Editor 
Steroidogenesis in the Human Fetal Testis: The Conversion of Pregnenolone- 
to Dehydroepiandrosterone, Testosterone and 1-Androstene-3. 17 dione 
Acevedo. L. R. Axelrod, FE. Ishikawa and F. Takaki . 
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pers published in the Journal papers in Enelish, French or and book reviews 


2 volumes of 6 parts each are published yearly 


(sk for specimen copie- Subscription price U.s. $13.50 per volume (postage included) 


Bibliotheca Gastroenterologica 
Redactor: H. J. FAHRLANDER (Basel) 


Fase. L: Diagnose und Therapie der Hiatushernie 


Symposium der Schweizerischen Gesellschaft fiir Gastroenterologie in Selothurn, 14.-15.2 


1959 

Herauszezeben yon DEUCHER, Aarau, H. J. FAH RLANDER, Basel | 

G. MILLER, Solothurn 

VI + 180 p., 76 fig., 1 farb. Taf., 1960, US $8.6 
Fase. 2: Diinndarmpathologie 

Symposium der Schweizerischen Gesellschaft fur Gastroenterologie in Gent, 5.-6.10, 1959 


Herausgegeben von H. J. FAH RLANDER, Basel 
beg 74 fie., 1960. US $9.15 
ise. 3: Tleus. Klinik, Radiologie und Therapi: 

25. Jahresversammlung der Schweiz. Ge-ellschaft fiir Gastroenterologie in Ziirich, 29.9 
1.10. 1960 
Herausgegeben von R. NISSEN, Basel und E. HAFTER, Ziirich 
VI+112 p-, 45 fig.. 1961. Us $5.30 

In Preparation: 

Fase. 4: Leber-und Pankreas-Enzy mologie 


Ausvewahlte Vortrige der 25. Jahresversammlung der Scliweiz. Gesellschaft fiir Gastro 
enterologie und der ausserordentlichen Tagung der Deutschen Gesellschaft fiir Verdau 
ungs-und Stoflwechselkrankheiten in Zurich, 29.9-1.10, 1960 


Herausgegeben von R. NISSEN, Basel und E. HAFTER, Ziirich 
VI + 169 p., 57 fig., 1961. U.S. $7.45 

Fasc. 5: Diagnostik und Therapie der Erkrankungen des Magen-Darm-Kanals in der 
Medizinischen Universititsklinik Erlangen 


Zum 65. Geburtstag von Prof. Dr. N. HENNING 
VIII +- 360 p., 148 fig., 1962. U.S. $19.70 


BASEL ILL (Switzerland) S. KARGER NEW YORK 
For U.sS.A.: Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 


j 
: 
4 
4 
(| 
i ake 
sede. 
i 
| 
| 
* 
: 
a 
| 
| 
i 
i 
| 
; 


ALDOSTERONE ASSAYS 


A: say for the adrenal steroid, Aldosterone, is probably 
the most complex clinical laboratory procedure in use 
tcday. Aldosterone assays require unique extraction 
apparatus, column chromatography equipment, plus 
multiple paper chromatographic systems. The clinical 
chemists in Biochemical Procedures’ Hormone Division 
are experts in use of this equipment. 

REF: Nowaczynski, Canada J. Biochem. & Biophys., 35:425, 1957 


Accuracy is priceless. There can be no compromise 
in providing instrumentation for Biochemical Proce- 
dures’ individual Hormone, Chemistry, Nuclear Assay, 
Electrophoresis and Protein-Bound-lodine labora- 
tories. 


Column chromatography equipment, specialized 
evaporative and extractive systems, spectrophoto- 
fluorometers, complex electrophoresis instruments, 
even custom-manufactured glassware . . . you'll find 
it all at Biochemical Procedures. The sole purpose: to 
provide you with results that are both accurate and 
precise. 


Your specialized problems in clinical chemistry are 
solved quickly and economically, 20 hours a day, 
7 days a week. Test results are air-mailed. The ad- 
vanced instrumentation and staff of Biochemical Pro- 
cedures is as close as the nearest mail box. 


Serving hospitals, universities, laboratories, 
clinics and physicians throughout the world 


PROCEDURES, INC. 
12020 Chandler Boulevard 
North Hollywood, California, U.S.A. 


Write for FREE MAILING CONTAINERS, complete FEE SCHED- 
ULE and “THE BULLETIN OF LABORATORY MEDICINE,” a 
monthly publication designed to keep you abreast of newest 
developments in the clinical laboratory field. 


Biochemical Procedures, Inc. 

12020 Chandler Boulevard, North Hollywood, California, U.S.A. 
Please send the following materia! by return mail: 


“The Bulletin of 
containers 


ie Fee schedule Laboratory Medicine” 


name 


address 


city zone — state 
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